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CHAPTER 1 
 
INTRODUCTION 
 
Malaria is one of those ancient parasitic diseases which has persisted through the 
centuries, quite ineffective of the developments made by mankind in the field of health-care. 
The third world countries like Pakistan are still affected by this disease quite regularly in 
spite of all the malaria control strategies made by government and health care organizations. 
Despite more than 100 years of research since the discovery of malaria parasite and 
establishment of mosquito’s role in transmitting malaria, it continues to be a major global 
health problem (Dash et al., 2007). The malaria parasites cause millions of clinical cases and 
kill over a million victims every year, which are mostly children. Globally, about 3.3 billion 
people live under the threat of malaria. In 2010, 219 million (range 154-289 million) malaria 
cases and about 0.6 million (range 0.61-0.97 million) deaths were estimated. Malaria 
surveillance systems, currently detect only 10 % of cases estimated to occur annually (WHO, 
2012b).  
 The intracellular protozoan parasites of genus Plasmodium are the cause of malaria.  
In human beings five species of Plasmodium are normally parasitic, which are P. falciparum, 
P. knowlesi, P. malariae, P. ovale and P. vivax. Among these, P. falciparum causes the most 
deadly form of disease while P. vivax is less pathogenic but more widespread. Remaining 
three species are less prevalent (Kantele et al., 2010; WHO, 2012b; WHO, 2013b). 
 All human malarial parasites are transmitted by Anopheline mosquitoes (genus 
Anopheles) only, but not all Anopheline mosquitoes act as vectors for malaria. The vectorial 
capacity of a mosquito depends upon susceptibility to Plasmodium sporogony, its 
anthropophagic behavior and enough longevity to become infective to human beings.  
Female mosquitoes of more than 30 Anopheles species act as vectors for malaria worldwide 
(Dash et al., 2007; Sinka et al., 2012; WHO, 2012b). In Pakistan, about 24 Anopheles species 
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are reported among which An. culicifacies and An. stephensi are considered as competent 
vectors for malaria (Rowland et al., 1997b). 
 Malaria is also endemic in Pakistan, causing mortality among patients suffering from 
complicated malaria. Both P. falciparum and P. vivax are reported along with mixed 
infection cases of both, as one of the major health problems in the country (Beg et al., 2008; 
Raza et al., 2013; Yasinzai et al., 2008b). It is noteworthy that several local studies reported 
higher slide positivity rates assessed by microscopy among clinically suspected cases of 
malaria. It is also emphasized that high frequency of human malaria infections is of great 
concern for malaria control program authorities in the country. Despite the reports of malaria 
surveillance program/ studies, the actual burden of disease may be 5 times higher as public 
sector lacks proper diagnostic facilities and no record of patients attending private sector 
(Beg et al., 2008; Khan et al., 2006b; Yasinzai et al., 2012; Yasinzai et al., 2004). 
 Malaria control is among the greatest public health challenges of the world. It is too 
complex to be addressed by a single approach (Mabaso et al., 2004; Shiff, 2002). The theme 
of the program is to prevent mortality, reduce morbidity and socio-economic losses. This 
could be done by implementing four basic elements of the strategy which are; (1) to provide 
early diagnosis and prompt treatment; (2) to plan and implement selective and sustainable 
preventive measures, including vector control; (3) to detect early, contain or prevent 
epidemics; and (4) to strengthen local capacities in basic and applied research to permit and 
promote the regular assessment of a country’s malaria situation (WHO, 1993). 
 Implementation of early and proper diagnosis is the important component of malaria 
control program. Traditionally malaria diagnostic strategies focus on clinical diagnostic 
algorithms, light microscopy and empiric treatment. Particularly in remote areas it frequently 
relies on the patients’ symptoms due to lack of laboratory support. Light microscopy of blood 
films is the recommended method and current gold standard for routine laboratory diagnosis.  
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Still both strategies are clearly inadequate in many health care systems (Moody, 2002; 
Murray et al., 2009). WHO recommends parasite based diagnosis for malaria case 
management. In this scenario malaria rapid diagnostic tests (RDTs) are the best hope and 
have potential to play a role as key component of successful malaria control program by 
greatly improving the quality of diagnosis expecting to replace current microscopic 
examination (Afzal et al., 2011; Murray et al., 2009; WHO, 2012a; Wongsrichanalai et al., 
2007). 
 Vector control aims to reduce malaria transmission mainly through interventions 
targeting adult Anopheline vectors. As it is the most generally effective tool to reduce 
transmission of disease, therefore it is one of the four basic components of global strategy for 
malaria control. Currently available malaria vector control measures include reduction of 
human-mosquito contact, destruction of larvae and adults of mosquitoes, source reduction 
and social participation (Kerah-Hinzoumbe et al., 2008; Raghavendra et al., 2011; WHO., 
2006). 
 In many countries of the world including Pakistan, ongoing strategies for vector 
control rely mainly on the use of effective and safe insecticides through indoor residual 
spraying (IRS) and insecticides treated nets (ITNs). In this regard WHO has approved twelve 
insecticides belonging to four classes i.e. carbamates, organochlorines, organophosphates and 
pyrethroids. Among these, the use of pyrethroids insecticide has increased dramatically in the 
past decade for IRS and ITNs campaigns for malaria vector control (Ranson et al., 2011b). 
Successful implementation of these strategies depends upon the Anopheline epidemiology, 
its biology and susceptibility to available insecticides. Resistance to these insecticides is 
widespread in various Anopheline mosquitoes worldwide causing operational problems to 
malaria control programs (Kerah-Hinzoumbe et al., 2008; Matowo et al., 2010; Ranson et al., 
2009; Rathor et al., 1980; Singh et al., 2009). 
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The supreme importance of getting into the field and overseeing the work must be 
impressed on all people in charge of malaria control. Good mosquito control means killing 
larvae in the field, not proud display of specimen in the office (Anonymous., 1970).  
In Pakistan, despite the large scale use of insecticides no systematic study has done so 
far since 1990s’ to monitor the level of insecticide resistance in malaria vector (s), due to 
lack of expertise and updated knowledge of vector epidemiology, biology and susceptibility 
status to insecticides (Mukhtar, 2009). So far in the current scenario of Pakistan, there is an 
acute need of such studies which enable the national health policy makers to design more 
effective insecticide resistance management strategies, including switching over from one 
group of insecticides to new one or intermittent use of insecticides, regular operational 
research and capacity building program. Present study is one step ahead planned in this 
regard.  
The main emphasis of the present study was P. falciparum malaria. This study 
offered the opportunity to define the various ways of minimizing P. falciparum malaria by 
encompassing knowledge regarding its vector as well as by evaluating efficacy of various 
detection tools for P. falciparum from malaria suspected patients. It provided the sound 
knowledge of falciparum malaria vector’s epidemiology, ecology and its biology. This was 
achieved by studying vector prevalence in enrolled areas and detection of P. falciparum from 
Anopheline mosquitoes. It also helped in providing evidence of insecticide resistance in local 
Anopheles species by using various insecticide susceptibility assays available for this 
purpose. Secondly, during the study P. falciparum was detected from the blood of suspected 
patients via using microscopy tool as a gold standard and other rapid malaria tests available 
for this purpose. This parameter provided the basis for evaluating RDTs efficacy to be used 
in field where laboratory facilities are not available for diagnosis.   
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OBJECTIVES 
The present study mainly focused on different aspects of falciparum malaria. First 
half emphasized on the vector biology, epidemiology and insecticide resistance status of 
falciparum malaria. Whereas the second half highlighted its prevalence and diagnosis under 
local climatic conditions in districts Kasur and Shiekhupura, Province Punjab. Following 
objectives were targeted; 
 To get knowledge about the relative abundance of Anopheles species in districts 
Kasur and Shiekhupura. 
 Evaluation of insecticide resistance status of field caught An. stephensi against 
bendiocarb, deltamethrin, DDT and permethrin. 
 Detection of enzymatic mechanisms involved in conferring insecticide resistance in 
field strains of An. stephensi. 
 Detection of sporozoite infection rate of the field caught An. stephensi. 
 Prevalence of P. falciparum malaria in patients from districts Kasur and Shiekhupura.  
 Evaluation of commercially available RDTs kit for falciparum malaria diagnosis.  
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CHAPTER 2 
REVIEW OF LITERATURE 
2.1. Falciparum Malaria: An Introduction 
Malaria is one of the most devastating diseases of the world being endemic in 109 
countries including Pakistan. Globally, about 3.3 billion people live under the threat of 
Malaria. In human beings, five species of Plasmodium are normally parasitic, which are P. 
falciparum, P. knowlesi, P. malariae, P. ovale and P. vivax (Kantele et al., 2010; WHO, 
2008a). 
In Pakistan P. falciparum is an important public health concern causing atleast 5 
million cases of malaria annually (Yasinzai et al., 2009). Several studies conducted in the 
country reported an increase in the cases of falciparum malaria each year. There is an 
increase in the relative frequency of P. falciparum amongst slide positive malaria cases from 
45% in 1995 to 68% in 2006. In accordance with this, during the last decade six fold increase 
in P. falciparum has reported by the National Malaria Control Program of Pakistan (Durrani 
et al., 1997; Hozhabri et al., 2000; Rab et al., 2001). 
2.1.1. Prevalence of Malaria 
 
In 2010, 219 million cases and about 0.6 million deaths were estimated worldwide 
(WHO, 2012c). In Pakistan, several studies have been conducted so far to estimate malarial 
prevalence. But yet available epidemiological data is insufficient to exactly calculate the 
incidence of various types of malaria in different regions of the country (Khan et al., 2006b). 
Upcoming paragraphs summarize results of some multidistrict studies conducted in various 
Provinces of the country.  
Incidence of malaria cases was investigated in district Zhob, Baluchistan. Out of 7748 
blood smear slides of suspected patients of malaria, 41.8 % (3240) slide positivity rate for 
Plasmodium was seen. Out of all positive cases 48.1% (1559) were identified as P. 
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falciparum and 51.8 % (1681) were identified as P. vivax infections. P. malariae and P. ovale 
were not found in the present study (Yasinzai et al., 2008b). In the urban areas of Quetta 
district, 16.31 % incidence rate of P. falciparum was reported in patients of more than 21 
years of age (Yasinzai et al., 2004). In district Jaffarabad, province Baluchistan the malarial 
prevalence was assessed from July 2006 to June 2008. Blood slides of 6283 suspected 
malarial patients were observed. Out of which 2968 (47.2 %) were found positive for a 
malaria parasite. Among these positive cases 561 (18.9 %) were identified as P. falciparum 
and 2407 (81 %) were identified as P. vivax infection. Further they concluded that higher 
slide positivity rate among clinically suspected patients of malaria should be of great concern 
for policy makers of national malaria control program of the country (Yasinzai et al., 2012). 
It was concluded that in our health setup every fifth adult patient of fever is suffering from 
malaria (Khan et al., 2006b). The P. falciparum is more prevalent than P. vivax. They found 
20 % positive cases of malaria out of total 490 patients of fever enrolled in their study. Blood 
slides of malaria patients were examined to evaluate the malarial prevalence in various 
localities of district Dera Murad Jamali, Baluchistan. Out of 6757 suspected patients, 40.4 % 
were found positive for a Plasmodium parasite. Out of these 28.2 % were identified as P. 
falciparum and 71.7 % were identified as P. vivax infection. While no P. malariae and P. 
ovale were observed (Yasinzai et al., 2008c).  
In one study conducted at Karachi the incidence rate for P. falciparum was 46.5 %, P. 
vivax was 51.8 %, P. malariae was 0.4 % while rate of mixed infection (both P. falciparum 
and P. vivax) was reported as 1.3 % (Beg et al., 2008). (Mehmood et al., 2012) evaluated 
complications regarding vivax malaria in patients attending a tertiary care hospital in 
Karachi, Pakistan. A total of 97 patients suffering from vivax malaria were enrolled in the 
study. Adult respiratory syndrome, altered mental status and tachycardia were important 
clinical findings in the patients.   
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In 1980s’ malarial prevalence was detected in 4 villages 60 km south of Lahore, 
Province Punjab. During October 1984, 43 % of tested slide positives in clinically suspected 
patients of malaria. P. falciparum was reported as most common species in October and 
November 1984, whereas P. vivax predominated with 23% and 15 % slide positivity rates 
earlier in August 1983 and 1984 respectively (Strickland et al., 1987). In one study being 
conducted in 4 villages of tehsil Depalpur, district Okara, Province Punjab Pakistan, 26 % 
slide positivity rate was reported among malaria suspected patients. (Jahan et al.) unpublished 
data. 
In children malaria is known to have a negative impact on learning and performance. 
In spite of major efforts to control it remains a vital concern in children (Houetol D et al., 
2007). The prevalence of malaria was assessed in district Bannu, Kyper Pakhtunkhwa in the 
primary school children of rural areas during 2003. Among 556 students of ages 5-15 years 
17 (3.06%) were found positive for Plasmodium (Awan et al., 2012a). In one another 
parasitological survey among the students of Islamic madaris of Bannu district, malarial 
prevalence was assessed in the male students of different age groups. Out of 581 individuals 
3.61% were found positive for P. vivax only, while no other Plasmodium species were 
detected (Awan et al., 2012b). 
2.1.2. Diagnosis of falciparum Malaria 
 
 Implementation of effective and proper diagnostic tools is one of the integral 
components of the malaria control program (Avila et al., 1996; WHO, 2012c). Main theme of 
the malaria diagnosis is identification of Plasmodium or antigen/ products in patient blood. It 
improves quality of care and reduces drug consumption. Inadequate and delayed diagnosis 
causes significant morbidity and mortality in many countries (Tangpukdee et al., 2009; 
WHO, 2010a). Traditionally malaria diagnostic strategy focuses on clinical diagnosis, light 
microscopy and empiric treatment. Although clinical diagnosis remains the basis of treatment 
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in the majority of febrile patients of malaria, its accuracy varies with age group, malaria 
transmission season and level of endemicity (Mwangi et al., 2005). Presently two diagnostic 
tools; light microscopy and rapid diagnostic tests (RDTs) are most likely to have the largest 
impact on malaria control (Wongsrichanalai et al., 2007). 
2.1.2.1. Microscopy for diagnosis of falciparum malaria 
 The discovery of Plasmodium was made by light microscopy in the red blood cells of 
malaria patients in 1880. Since then blood film microscopy is still the gold standard for 
malaria diagnosis, despite of the availability of reliable rapid diagnostic tools. In addition, it 
also enables the detection of other pathogens (Batwala et al., 2010; Chotivanich et al., 2007; 
Endeshaw et al., 2008; Harani et al., 2006; Payne, 1988). It is the most suitable diagnostic test 
because it is inexpensive to perform, able to differentiate Plasmodium species and quantify 
parasites (Wongsrichanalai et al., 2007). For microscopy ideally blood sample should be 
obtained by fingertip or earlobe puncture and parasite can be visualized by staining thick and 
thin blood films on glass slides (Chotivanich et al., 2007; Moody, 2002).  
2.1.2.2. Rapid diagnostic tests for diagnosis of malaria 
 WHO recommends parasite based diagnosis. Therefore, it is unreliable to only depend 
on clinical diagnosis and it should be confirmed by laboratory tests (Iqbal et al., 2002; WHO, 
2012a). Rapid diagnostic tests (RDTs) are based on the detection of Plasmodium antigen(s) 
released from parasitized RBCs. In these tests currently three Plasmodium antigens(s) are 
targeted i.e. histadine rich protein 2 (HRP-2), Plasmodium lactate dehydrogenase (PLDH) 
and Plasmodium aldolase. These are used for malaria diagnosis in endemic areas where 
reliable microscopy is not available. “Test & treat” strategy for malaria with the use of RDT 
has been also recommended in recent guidelines by WHO (Ghouth et al., 2012; Moody, 
2002; Nyunt et al., 2013). (Hawkes et al., 2009) emphasized that RDTs can be used safely 
and effectively in the management of malaria cases, however in zones of high malaria 
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prevalence its cost effectiveness is limited. Several studies have been done so far to assess the 
diagnostic capabilities of various RDTs available. In the upcoming paragraphs we had 
summarized few of these.  
In one study conducted in Uganda the efficacy of three parasite lactate dehydrogenase 
pan pLDH tests was assessed by, Carestart, Parabank & Vistapan. They observed that greater 
than 90% sensitivity and specificity was shown by two pLDH tests; sensitivity reported by 
Carestart is 95.6% and Vistapan is 91.9% and specificity reported by Parabank and Carestart 
is 94.3% and 91.5 % respectively (Fogg et al., 2008). Similarly in one another study 
conducted in Uganda it was concluded that for malaria diagnosis where microscopy is 
unavailable ICT tests is an accurate and appropriate tool for diagnosis. Furthermore the 
authors reported that ICT had a sensitivity of 98% and specificity of 72% alongwith negative 
predictive value of 98% and positive predictive value of 69% (Kyabayinze et al., 2008). 
(Batwala et al., 2010) concluded that in the diagnosis of malaria HPR2 based RDT had 
greater sensitivity as compared to microscopy. In this study also conducted in Uganda, it was 
found that the Paracheck had 83.5% specificity.  
During a period of October 2008 to January 2009, a cross section study was 
conducted in the villages of Senegal for assessing accuracy of RDTs and to compare it with 
microscopy. They reported that RDT (Paracheck) had 100% sensitivity, 98.3 % specificity 
along with 80% positive predictive value and 100% negative predictive value (Ly et al., 
2010). (Heutmekers et al., 2012) mentioned that Carestart pLDH performed better for the 
detection of falciparum malaria followed by vivax malaria. They reported that the sensitivity 
for P. falciparum was 94.7%, for P. vivax 74.3%, for P. malariae 31.9% and for P. ovale 
25%. In Ethiopia a population based survey was conducted to investigate the agreement 
between microscopy and RDT under field conditions. Overall slide positivity rate was found 
4.1% while for Parascreen RDT it was 3.3%. Furthermore it was also reported that RDT 
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shown high specificity 98.5% and moderate sensitivity 47.5% along with 56.8% positive 
predictive value and 97.6% negative predictive value (Endeshaw et al., 2008). 
In Pakistan one study was conducted to diagnose the malaria cases by using RDT 
Carestart malaria in suspected malaria patients. Out of 2196 patients 1767 were confirmed for 
malaria infection by RDT, showing 80% identification rate of RDT. Hence the authors 
concluded that RDT has reliable diagnostic accuracy to confirm malaria cases (Afzal et al., 
2011). In one another study it was concluded that ICT for P. falciparum was 97% sensitive, 
98.3 % specific. For P. vivax sensitivity was only 89.7% and specificity was 97.9% (Harani et 
al., 2006). 
2.1.3. Detection of Plasmodium falciparum in Anopheline mosquitoes 
The emergence of vector borne diseases and the evolution of parasite density can be 
assessed by understanding the vector parasite relationship (Inci et al., 2012). One of the 
integral components in transmission dynamics of malarial epidemiological studies is 
detection of Plasmodium sporozoites in field caught Anopheline mosquitoes (Mahapatra et 
al., 2006; Tangin et al., 2008). The efficacy of malaria control program also depends upon the 
epidemiological studies of malaria prevalence by detecting Plasmodium in mosquitoes (Bass 
et al., 2008; Hasan et al., 2009; Li et al., 2001; Tangin et al., 2008). Several techniques have 
been used in the field and research for the said purpose like microscopy, serological and 
molecular techniques. In present study the An. stephensi sporozoite infection rate was 
determined by using PCR. Hence upcoming paragraphs are focusing on the detection only 
through PCR. 
Epidemiological significance of P. falciparum would be missed by depending only on 
detection of P. falciparum in Anopheline mosquitoes through the conventional method 
(Mahapatra et al., 2006). PCR based technique was applied for highly sensitive detection and 
identification of human Plasmodium species from blood and mosquitoes samples obtained 
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from a village in Guinea Bissau. It was evaluated that using routine microscopic examination 
the prevalence of parasites in human population was shown to be greatly underestimated. 
Finally it was concluded that the use of sensitive parasite detection methods like PCR will be 
of great benefit for the design and interpretation of epidemiological studies of the malaria 
parasite (Snounou et al., 1993a). The DNA of P. falciparum was detected in mosquitoes 
using PCR. In this study, as few as 10 sporozoites were detected in a dissected salivary gland 
and a single oocyst in a dissected midgut in laboratory infected mosquitoes. It was also 
reported that PCR has an advantage over ELISA in detecting P. falciparum DNA in wild 
caught mosquitoes with low grade parasite infection (Tassanakajon et al., 1993). (Wilson et 
al., 1998)  used the PCR technique in many malaria studies which used microscopy alone for 
detection of sporozoites in mosquito salivary glands. They found it 3 times more sensitive 
than microscopy. Further they concluded that although PCR would not be economical tool for 
detection of malaria parasite than microscopy but the double advantage of increased 
sensitivity in detection and the ability to identify the parasite up to species level suggests that 
PCR might ultimately prove worthwhile. In one study, the infectivity rate of mosquito 
population with Plasmodium species in Chakaria, Bangladesh was investigated. Total 868 
mosquitoes were collected from inside households in June 2007, among which An. dirus and 
An. minimus are the principal vectors. After morphological identification of female 
Anopheles mosquito, DNA was extracted and amplified by PCR targeting the 18S rRNA gene 
of human malarial parasites. As a result they found 19 mosquitoes were positive for 
Plasmodium species, out of which 12 for P. falciparum, 1 for P. vivax and 6 for both (Tangin 
et al., 2008). 
The vectorial capacity of An. subpictus Grassi, 1889 and An. culicifacies Giles, 1901, 
was detected in study being conducted from March 2004 to February 2007 in Angul district 
Orissa, India. After collection and morphological identification of mosquitoes, sporozoites of 
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human malaria parasite were detected in mosquitoes by nested PCR. Malaria parasite 
sporozoite rate of 0.52% during the summer and 1.82% during the rainy season were detected 
from An. subpictus and An. culicifacies respectively. It was also concluded that An. subpictus 
has been incriminated as a vector of malaria for the first time in Orissa, India (Kumari et al., 
2009). (Harada et al., 2000) detected P. falciparum DNA from field caught mosquitoes by 
developing a sensitive PCR method. P. falciparum was detected from 15.2 % of 1-parous 
mosquitoes An. farauti, in the Soloman Islands. They also developed a novel mathematical 
model to estimate the sporozoite rate based on the malaria positive rate of 1-parous 
mosquitoes. In another study nested PCR technique was used instead of original simple PCR 
technique for the detection and identification of four human malaria parasites. It was reported 
that this technique is highly sensitive without the requirement for further blotting and 
hybridization of the PCR amplification product (Snounou et al., 1993c). (Hasan et al., 2009) 
introduced an effective PCR based method for detecting Plasmodium species and evaluated it 
with two gold standards ELISA and nested PCR in field caught mosquitoes. They concluded 
that single step PCR based method being introduced by them is effective, sensitive and 
reliable for identifying Plasmodium species from mosquitoes.  
A comparative study was conducted for detection of malaria parasite in 120 blood 
specimens from volunteers seeking care at the malaria health center in Chahbahar district, 
South-Eastern Iran using microscopy and nested PCR procedures. For microscopy Giemsa 
stained slides were seen under microscope. For nested PCR the target DNA sequence of the 
18S small subunit ribosomal RNA gene was amplified. They found 107 slides positive out of 
120 for malaria parasites by microscopy out of 20 were identified as P. falciparum and 84 as 
P. vivax, while only 3 were interpreted as mixed infections. On the other hand 31 more mixed 
infections and parasite positive reactions in 9 out of 13 microscopically negative samples 
were detected by using nested PCR. On the bases of above results they concluded that nested 
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PCR is much more sensitive than the microscopy and it can be a very useful complement to 
microscopical diagnosis of malaria parasite (Zakeri et al., 2002).  
The small subunit ribosomal RNA genes for the four human Plasmodium species have 
genus and species specific sequences. In one study, the oligonucleotide primer pairs were 
designed specific to each Plasmodium species for specific amplification by the PCR reaction 
to detect each Plasmodium species. Total 196 blood samples were analyzed obtained from 
patients attending malaria clinic in Trad Province of Thailand.  Furthermore routine 
diagnostic microscopy was compared with electrophoretic analysis of PCR products. On the 
basis of this comparison it was reported that detection and identification of the Plasmodium 
species by electrophoresis analysis of PCR products has proven to be more sensitive and 
accurate than by routine diagnostic microscopy. By using PCR assay they also reported high 
proportion of mixed Plasmodium species infection (Snounou et al., 1993b). The P. vivax 
DNA was detected in mosquitoes by using nested PCR technique which amplifies 121 bp 
DNA of SSUrRNA gene specific to P.vivax. It was found that nested PCR could detect as 
low as 3 sporozoites in laboratory infected mosquitoes. Further they concluded that 
sensitivity and specificity of nested PCR has an advantage over DNA probes or simple PCR 
for the detection of P. vivax sporozoites in mosquitoes with low grade parasite infection (Li et 
al., 2001). 
2.2. Mosquitoes as malaria vector 
Mosquitoes are dipterous insects well known as arthropod vectors of many human 
diseases like dengue fever, filariasis, malaria and yellow fever. They also act as vector for 
animal diseases (Ali et al., 2013; Beerntsen et al., 2000; Gouveia de Almeida, 2011; 
Maekawa et al., 2011). According to taxonomic classification they belong to kingdom 
Animalia, phylum Arthropoda, class Insecta, order Diptera, suborder Nematocera and family 
Culicidae. The world’s mosquito fauna is diversified. There are about 3500 species of 
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mosquitoes subdivided into two subfamilies i.e. Anophelinae (with about three genera) and 
Culicinae (with more than 30 genera) (Ilahi et al., 2013; Leopoldo, 2008; Roberts LS et al., 
2009). They are distributed worldwide and breed in a variety of permanent and temporary 
breeding places (Ali et al., 2013). They are holometabolous undergo complete metamorphosis 
with egg, larval, pupal and adult stages. 
All over the world mosquitoes belonging to genus Anopheles of subfamily 
Anophelinae play integral role in transmission of human malarial protozoa. About 465 
recognized species and more than 50 unnamed members of species complexes are reported 
worldwide of which about 70 have the capacity to act as vectors for Plasmodium (Marianne, 
2013; Sinka et al., 2012; WHO, 2008c). The map below provides information regarding 
distribution of dominant vector species (DVS) in different regions of world.   
 
 
 
 
Figure 2.1: Global distribution of Dominant Vector Species. (Sinka et al., 2012) 
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An. gambiae, An. arabiensis, An. funestus, An. melas, An. merus, An. moucheti and 
An. nili are the most important and prevailing vectors across the huge landscape of African 
subcontinent (Choi et al., 2012; Marianne, 2013; Moffett et al., 2007; Okoye et al., 2008; 
Sinka et al., 2010). In Papua New Guinea members of An. punctulatus group comprising 
about 12 species are responsible for malaria transmission while in Ethiopia An. arabiensis is 
the major malaria vector (Balkew et al., 2010; Hasan et al., 2009).  
In Asia about 46% of population is at risk of falciparum malaria along with high 
transmission rates for vivax malaria (Marianne, 2013). Across this region An. culicifaces, An. 
fluviatilius and An. stephensi are the most influential in Indian subcontinent; An. dirus and 
An. minimus in Southeast Asia and members of punctulatus complex are important vectors in 
Pacific regions (Maekawa et al., 2011; Sinka et al., 2011). In Bangladesh about four 
Anopheline species i.e. An. dirus, An. minimus, An. philippinensis and An. sundaicus out of 
34 are reported as important malaria vectors (Tangin et al., 2008). In one another study 
conducted in same country mosquitoes were collected to identify Anopheline species and 
possible malaria vectors. Total 634 female Anopheles mosquitoes belonging to 17 species 
were collected. It was reported that An. vagus was the most prevailing specie followed by An. 
nigerrimus and An. philippinensis. (Alam et al., 2010) In India An. culicifacies, An. stephensi 
and An. subpictus are considered as important vectors for Plasmodium (Kumari et al., 2009; 
Singh et al., 2009; Singh et al., 2011). 
Pakistan being subtropical country has a rich fauna of vectors including mosquitoes. 
About 23 Anopheline species have been reported in the country. Among these An. 
culicifacies is considered as primary vector in rural areas and An. stephensi imparts important 
role as malaria vector in urban areas of the country (Ilahi et al., 2013; Jahan et al., 2011; 
Mahmood et al., 1984). In one recent study conducted in Swat Ranizai subdivision of 
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Malakand District relative abundance of mosquitoes was determined. They identified 15 
species of mosquitoes belonging to five genera i.e. Anopheles, Aedes, Armigeres, Culex and 
Culiseta. Among genus Anopheles six species were identified including An. culicifacies and 
An. stephensi (Ali et al., 2013).  
2.3. Control Strategy for Malaria 
Prevention of mortality and reduction of morbidity and socioeconomic losses being 
provoked by malaria, are the main goals of malaria control strategy in most endemic 
countries. Early and proper diagnosis of a disease followed by prompt treatment and to have 
substantial prevention programs including vector control are the main elements of the 
strategy (WHO, 1993). Three living organisms are being involved in pathobiology of the 
disease including man as a vertebrate host, mosquito being an intermediate host and 
Plasmodium species as causative agent. So for effective malaria control target man first 
followed by mosquito’s control and keeps trying to tackle parasite with development of 
effective drugs and vaccines.  
Lack of proper diagnosis and inadequate treatment of the disease has led to resistance 
in anti-malarial drugs. Since the first reports of resistant falciparum malaria in Southeast 
Asia and South America almost half a century ago, drug-resistant malaria has posed a major 
problem in malaria control (Wellems et al., 2001; WHO, 2001). 
In the present scenario of drug resistance, vector control management remains one of 
the integral components of global malaria control strategy. Reduction in vector longevity, 
vector density and human vector contact to provide protection against infective malaria 
mosquito bites and reduction in the intensity of local malaria transmission at community level 
are the two main objectives of vector control programs (WHO, 2010b). 
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Destruction of adult mosquitoes and mosquito larvae, reduction of human mosquito 
contact, source reduction and social participation are currently available vector control 
measures. 
2.3.1. Use of Insecticides 
 
Currently W.H.O. has recommended twelve insecticides belonging to four major 
groups of chemicals i.e. Carbamates, Organochlorines, Organophosphates and Pyrethroids 
(Ranson et al., 2009; WHO, 2010b). Insecticides are the mainstay of vector control programs. 
These are mainly used in two forms i.e. indoor residual spraying (IRS) and insecticides 
treated nets (ITNs), (Kerah-Hinzoumbe et al., 2008; Ranson et al., 2009; WHO, 2012c; 
Yadouleton et al., 2010; Yakob et al., 2010). In Africa IRS and ITNs are the two pillars of 
malaria control (Rehman et al., 2011). (Okumu et al., 2011) reported that IRS and ITNs are 
the preferred methods in malaria vector control. They are being used together on the same 
households in many cases to suppress transmission in holoendemic and hyperendemic 
scenarios. 
IRS is the application of residual insecticides to the walls and roofs of houses and 
domestic animal shelters where mosquito rest after intake of blood meal. The primary effect 
of IRS is to interrupt the cycle of female Anopheline mosquitoes which can further transmit 
the infection and to reduce vector density (WHO, 2013a). It reduces transmission of disease 
both through repelling mosquitoes from entering houses and by killing female mosquitoes 
that are resting inside houses after having a blood meal. This indicates that IRS is highly 
effective against indoor resting mosquitoes (Plüss, 2009).  
Historically IRS remains important tool for malaria vector control. In Asia, Europe, 
Latin America & Russia malaria was greatly reduced or eliminated as a public health problem 
mainly by using DDT (Lengeler et al., 2003; Roberts et al., 2004; Shiff, 2002). Currently in 
several Asian countries where malaria is endemic and seasonal transmission is reported, IRS 
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remains major component of vector control program and it seems to reduce quick 
transmission of a disease. In many countries IRS mainly with DDT was principal method by 
which malaria was eradicated or reduced to great extent between 1940’s to 1960’s (Mabaso et 
al., 2004). 
In one study conducted in Uttar Pradesh, India to assess the impact of IRS with 
etofenprox against An. culicifacies and on malaria transmission, desired reduction was 
observed in the indoor resting density of mosquitoes and also in transmission of malaria 
(Sreehari et al., 2009). The effectiveness and economics of IRS and ITNs against malaria 
vector control in Western Kenya compared was compared in one study. They concluded that 
may be IRS is more effective and economical than ITNs and it should be considered as part 
of strategy for malaria prevention (Guyatt et al., 2002).  
2.4. Insecticide Resistance 
Resistance to insecticides is defined as “the development of an ability in a strain of 
insects to tolerate doses of toxicants which would prove lethal to the majority of individuals 
in a normal population of the same species” (Anon, 1957).  The most important property of 
pesticide is its effectiveness against the pest and similarly the phenomenon of insecticide 
resistance is the most important single threat to the effectiveness of an insecticide (Hooper, 
1968).  First case of insecticide resistance was reported in 1914 by A. L. Melander when 
insects shown resistance to an inorganic insecticide. Later on in between 1914 to 1946, 11 
various cases of resistance against inorganic insecticide were also documented. In this regard 
the massive use of insecticide for vector control since the 1950s has probably induced 
resistance in the mosquitoes (Brown, 1986). Now days it is becoming an increasing problem 
in many insect vectors of various diseases (Hemingway et al., 2000; Perera et al., 2008). 
After the introduction of DDT for mosquito control in 1947 within one year, first case of 
DDT resistance was recorded in Aedes species. Since then more than 100 species of 
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mosquitoes have been reported insecticide resistance, among which more than 50 are of 
Anophelines (Brown, 1986; WHO, 1992).  
Evolution of resistance against DDT, pyrethroids and other classes of insecticides is 
an important threat to the effectiveness of malaria control programs worldwide including 
Pakistan (Brogdon et al., 1998; Chang et al., 2014; Hunt et al., 2011; Kerah-Hinzoumbe et 
al., 2008; Knox et al., 2014; Penilla et al., 1998; Reddy et al., 2013). So far various studies 
around the world being conducted to investigate the current status of resistance revealed that 
many malaria vectors are becoming resistant to insecticides. In one multi-country study on 
the resistance status of malaria vectors it was emphasized that insecticide resistance is a 
growing concern of Anopheles and it needs immediate attentions due to limited availability 
of chemical arsenals for malaria control (Ranson et al., 2009). Studies conducted in India 
regarding susceptibility status of Anopheles species against insecticides reveals that An. 
stephensi and An. subpictus from various locations of arid and semi arid zones showed 
variable resistance against DDT and malathion, while An. culicifacies also exhibits 
widespread resistance against DDT and also becoming resistant to pyrethroids. (Singh et al., 
2009; Tikar et al., 2011; Tiwari et al., 2010). Various surveys from Brazil reported wide 
spread resistance in many field population of Aedes aegypti against organophosphates, 
pyrethroids and temephos in several localities of the country (Lima et al., 2011; Martins et 
al., 2012; Montella et al., 2007). In Ethiopia, An. arabiensis shows resistance against DDT 
and pyrethroids (Balkew et al., 2010). In another study regarding the susceptibility analysis of 
An. stenphensi, urban vector of malaria in various countries of Middle East and Subcontinent, 
it was reported that this mosquito has selected for resistance against DDT, dieldrin, malathion 
and other organophosphates  due to extensive use of insecticide residual spraying for malaria 
vector control (Enayati et al., 2003).  
Mechanisms developed by an insect to bring about insecticide resistance are  
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1) Metabolic resistance 
2) Altered target site sensitivity 
3) Cuticular penetration of insecticide 
4) Increased rates of insecticide resistance 
Among these most important resistance mechanisms are alteration in target sites 
(mutations in the sodium channel, acetylcholinestrase and GABA receptor genes) and 
metabolic resistance (alterations in the activities and levels of detoxification proteins). 
Studies from many countries like Chad, Nigeria, Sudan, Southern Africa and West Africa 
reported that these mechanisms alone or sometimes in combination confer resistance in 
mosquitoes, to all of the available insecticides specially DDT and pyrethroid (Awolola et al., 
2007; Hemingway et al., 2004; Hemingway et al., 2000; Kerah-Hinzoumbe et al., 2008; Liu 
et al., 2006; Martinez-Torres et al., 1998; Matambo et al., 2007; Okoye et al., 2008; Perera et 
al., 2008). Cuticular resistance (decreased penetration) develops due to change in chemical 
composition of the insect cuticle or reduced uptake of insecticide due to thickening of insect 
cuticle (Karunaratne, 1998).  
Metabolic resistance includes qualitative or quantitative changes in enzymes due to the 
followings  
(1) By increased metabolism or sequestration due to over production of enzyme  
(2) By increase in the rate at which an enzyme unit metabolizes the insecticides leading to 
an alteration in the catalytic centre activity of the enzyme (Karunaratne, 1998; 
Karunaratne et al., 1998).  
2.4.1. WHO Susceptibility Kit Test Method  
 WHO susceptibility test is a direct “response-to-exposure test” used to access 
mosquito mortality to a known standard dosage of a given insecticide. WHO recommends 
that it is a primary method to detect insecticide resistance. As mentioned earlier that 
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mosquitoes had developed resistance against all four major classes of insecticides in many 
regions of the world. Several studies have been conducted so far using WHO susceptibility 
test. Upcoming paragraphs summarize few of these.  
 In Benin and Ghana, West Africa WHO susceptibility tests were conducted to detect 
resistance against four classes of insecticide i.e. carbamate, organochlorines, 
organophosphate and pyrethroids. These tests showed high level of resistance in An. gambiae 
& Cx. quinquefasciatus to organochlorines and pyrethroids in Benin. Similarly in Ghana high 
level of resistance was seen against all classes of insecticide except organophosphates that 
showed reasonable mortality in mosquitoes. In one another study conducted in Ghana 
evidence of resistance against DDT and pyrethroids was reported against An. funestus by 
using WHO susceptibility assay (Corbel et al., 2007; Hunt et al., 2011; Okoye et al., 2008). In 
Southern Benin, An. gambiae adults collected from field were assessed against insecticide 
resistance by using impregnated papers (DDT 4%, bendiocarb 0.1%, deltamethrin 0.05% and 
permethrin 0.75%). Results shown high levels of resistance against DDT and permethrin 
except for few areas where mosquitoes were fully susceptible to all insecticides tested 
(Yadouleton et al., 2010).  
Insecticide resistance was detected by using WHO susceptibility test in An. arabiensis 
in three villages of Ethiopia. Results showed high frequency of resistance against DDT along 
with varying pyrethroids resistance (Balkew et al., 2010). In Sir Lanka insecticide resistance 
status of Anopheline mosquitoes were studied by exposing adult females to the WHO 
discriminating doses against all major classes of insecticides. It was observed that all 
Anopheline species showed high levels of resistance against DDT followed by malathion 
resistance in all population of An. culicifacies and An. subpictus. However variation was seen 
in the resistance level against pyrethroids (Perera et al., 2008). 
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Insecticide resistance status was evaluated in An. gambiae in the Gambia against 
DDT, deltamethrin and permethrin. For this purpose WHO standard test was performed on 2-
3 days old female mosquitoes. Mosquito populations from two out of six areas were fully 
susceptible to all three insecticides tested. While DDT resistance was found from Essau 
(Betson et al., 2009). In Mozambique resistance status of An. funestus was investigated by 
using WHO susceptibility tests. A very high level of resistance was observed against 
pyrethroids, followed by bendiocarb. In contrast no DDT resistance was observed (Cuamba et 
al., 2010).  
2.4.2. Biochemical Assays 
To improve resistance detection and management strategies, the correct use of 
biochemical assays for resistance detection can provide a powerful tool for analyzing field 
and lab populations (WHO, 1998). Increased metabolism to non toxic products is an 
important resistance, creating mechanism effecting following enzyme groups. 
1) Estrases  
2) Mono-oxygenases 
3) Glutathione-S-Transferases (GST) 
There are two major ways by which the metabolic enzymes can produce resistance. 
1) Over production of the enzyme leading to increased metabolism or sequestration. 
2) An alteration in the catalytic center of the enzyme, increasing the rate at which an 
enzyme unit metabolizes the insecticide (WHO, 1998). 
In Mexico during one study it was reported that biochemical assays showed that elevated 
levels of GST activity, caused DDT resistance, leading to increased rates of metabolism of 
DDT to DDE. They also established correlation between the numbers of individuals with 
elevated GST and DDT resistance suggesting that this is the only major DDT resistance 
mechanism in Mexican mosquito population. They also reported that carbamate resistance in 
___________________________________________________ REVIEW OF LITERATURE 
 
24 
 
  
mosquitoes is conferred by an altered acetylcholinestrase (AChE)- based resistance 
mechanism. Furthermore they mentioned that the elevated esterase or mono-oxygenase 
enzymes could confer the low levels of organophosphate (OP) and pyrethroids resistance 
(Penilla et al., 1998). 
In another study being conducted in Obuasi, Ghana it was reported that an effective 
malaria control strategy could be plan be detecting resistance in Anopheles mosquitoes by 
using biochemical assays. Biochemical analysis being conducted by them suggested that 
DDT and pyrethroid resistance may be metabolically mediated. They also provided the 
evidence that carbamate resistance is conferred by an altered AChE (Okoye et al., 2008). The 
enzyme based metabolic mechanism of insecticide resistance by comparing a deltamethrin- 
susceptible parent stock and resistance colonies of An. minimus species by using biochemical 
assays were investigated. Based on their results they suggested that the development of 
resistance of deltamethrin in laboratory, resistance selected generations of An. minimus is 
primarily associated with increased detoxification by over expression of monooxygenases. 
 (Chareonviriyaphap et al., 2003)  
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CHAPTER 3 
 
MATERIALS AND METHODS 
 
3.1. Study Duration and Study Site 
 
The span of present study comprised of one year i.e. from November, 2009 to 
October, 2010. Two districts of Lahore division (i) Kasur and (ii) Shiekhupura Province, 
Punjab, Pakistan were selected in the study. These districts were selected on the basis of 
intensive rice irrigation areas, high malaria endemicity and climatic conditions suitable for 
mosquito breeding. Laboratory and research work were conducted at the post graduate 
laboratory of department of Parasitology, University of Veterinary and Animal Sciences 
(U.V.A.S.), Lahore and Quality Operations Laboratory (QOL), U.V.A.S., Lahore. For rearing 
of mosquito’s insectary at National Institute of Malaria Research and Training (NIMRT), 
Lahore was approached.   
District Shiekhupura is situated at 31. 71º North Latitude, 73.98º East Longitude and 
elevated at about 214 meters above the sea level. On the north it is bounded by two districts 
i.e. Gujranwala and Hafizabad, on the North-East by district Narowal, on the West and South 
West by district Nankana Sahib and on the East it is bounded by district Lahore. It is 
occupying about 5960 Km² area with about 857,000 inhabitants. The climate is subject to 
extreme variations with a dry season from March to June, monsoons from end of June to 
about mid September and post monsoon and winter from the end of September to February.  
The average temperature ranges between 20-31ºC, average relative humidity about 46 % and 
44 mm of average annual rainfall.  
District Kasur is about 55 km towards the South of Lahore situated at 31. 12º North 
Latitude, 74.45º East Longitude and elevated at about 201 meters above the sea level. On the 
north it is bounded by district Lahore, on the North-East by district Shiekhupura, on the 
South West by district Okara, on the South by Indian Territory and across the river Sutuluj. It 
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spreads over an area of about 3995 Km² with about 2918 (population 000 in numbers) 
inhabitants. The climate is hot in summer and comparatively cold in winter. May and June 
are the hottest months. The average temperature ranges between 19-31ºC, average relative 
humidity about 57% and 62 mm of average annual rain fall.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3.1: District wise map of Punjab, Pakistan showing geographical position of districts Kasur and 
Shiekhupura 
(http://pamirtours.pk/maps/punjab% 20districts% 20map.htm) 
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3.2. Mosquito Collection:  
 After approving consent of the villagers, randomly villages were selected from 
various tehsils of both districts on the basis of previously available data regarding malaria 
endemicity and according to feasibility of work in these villages. Total (n=>10,000) 
mosquitoes were collected fortnightly every month from human dwellings and animal sheds 
from these selected villages of each district throughout the year i.e. from November, 2009 to 
October, 2010. In each village six human dwellings and three animal sheds were selected for 
collection. As per mosquito behavior dawn and dusk timings were selected for collection. 
 Mosquitoes were collected by using hand catch techniques. For this purpose resting 
mosquitoes on different surfaces were collected by using both mouth and mechanical 
aspirators. CDC sweeper was also used on areas/ surfaces where rich density of mosquitoes 
was found (WHO, 1975). After collection mosquitoes were transferred in disposable paper 
mosquito cages labeled with each locality. These field collected mosquitoes were transported 
to insectary for further processing. Each cage was covered with water soaked cotton swab 
and was provided with 10% sucrose solution.  
3.3. Species Identification of Mosquitoes: 
          After field collection, the mosquitoes were identified up to species level under CO2 
anesthesia using stereoscope according to key for morphological identification being 
provided by (Amerasinghe et al., 2002) and NIMRT, Lahore (Unpublished Data). After 
species identification only Anopheline mosquitoes were selected for the study while rest of 
the mosquitoes discarded. Among Anopheline species An. stephensi (most prevalent among 
two vector species) was further processed for various parameters of the study. Remaining 
Anopheline species were preserved for morphological identification only.   
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3.4. Prevalence of Anopheline Species: 
The first parameter of the study was to conduct the entomological survey of 
Anopheline species in these Districts to compile baseline data in this regard. It was a 
descriptive observational study. For this purpose adult mosquito specimens were collected 
from different localities of enrolled districts as mentioned above. After species identification 
complete record of Anopheline species was tabulated. Meteorological data for the whole year 
was taken from meteorological department. Furthermore the relevant abundance and seasonal 
prevalence of Anopheline species was detected by using this data. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3.2: Geographical positioning of various locations of district Kasur 
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3.5. Rearing of mosquitoes: 
  Field-caught mosquitoes were transported to the insectary. After identification blood 
fed/ gravid adult females of An. stephensi were used to transfer into large cages with water 
cups for oviposition. They were reared in insecticide free environment under standard 
insectary conditions at constant temperature (25±2 °C), relative humidity 80%±10% and 
photoperiod 12:12 h (L: D). Feeding was done with ad libitum supply of 10% sucrose 
solution (MR4, 2007; WHO, 1975). F1 generation was obtained to synchronize age and 
physiological state of mosquitoes along with testing conditions of insecticide susceptibility 
assay and biochemical assays.  
After hatching the eggs were transferred into enamel coated trays for larval 
development. To reduce size variation among newly emerging adults, larval density was 
maintained as per standard protocols. The larvae were kept in trays till the development of 
L3-L4 stage larvae. Larval food in powder form was provided to them. Then pupae were 
transferred from trays into emerging jars till adult emergence within 1-2 days. Newly 
emerged F1 generations of An. stephensi were either transferred into cages or preserved in -
80ºC for further use in various parameters of the study. This rearing regime was followed 
during the whole duration of study.   
3.6. Insecticide Susceptibility Tests: 
The second parameter of the study was to detect insecticide susceptibility status of 
An. stephensi being captured from above mentioned districts. This was done by using WHO 
susceptibility test kit method. Four insecticides i.e. bendiocarb, DDT, deltamethrin & 
permethrin were tested. Insecticide susceptibility tests were conducted on F1 generations of 
An. stephensi from both districts separately obtained in the insectary from field caught adult 
blood fed/ gravid females. Each insecticide was tested twice in a year i.e. in April and 
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October, 2010 for each district. The insecticide susceptibility tests were performed according 
to the standard protocols as mentioned by (WHO, 1998b).   
Briefly, cohorts of 2-3 days old, non-blood fed females of F1 generation were exposed 
to discriminating dosages of 0.1% bendiocarb, 4% DDT, 0.05% deltamethrin and 0.75% 
permethrin by using insecticide impregnated papers and bioassay tubes (obtained from the 
Vector Control Research Unit, School of Biological Sciences, Universiti Sains Malaysia). For 
each single test, mosquitoes (n=100±10) in four replicates of approximately 25 specimens/ jar 
were exposed to insecticide impregnated paper for 1 hour. To record knock down time during 
exposure mosquitoes were observed at different time intervals, i.e. 10, 20, 30, 40 and 60 min. 
Then these mosquitoes were transferred into holding tubes provided with cotton swabs 
soaked in 10% sucrose solution for 24 hours. Mortality was recorded after 24 hours 
withholding period. For control same mosquitoes app (n=25±5) were exposed to insecticide 
free papers. 
Knockdown times 50% and 95% (KDT50 & KDT95) were estimated by means of a 
probit log model using Ldp® line software (Finney, 1971; Tiwari et al., 2010). Susceptibility 
status was graded according to WHO recommended protocols. Mortality <80% was 
considered to be resistant, between 80-97% as tolerant (further evaluation required) and 
>98% was considered as susceptible. In control mortality subject to < 20% was included in 
the results. If it exceeded that test results were not included in the study. Abbott’s formula 
was used to correct mortality if control mortality was between 5-20%.   
 
 
 
Abbott’s formula = % test mortality - % control mortality x 100 
                                        100 - % control mortality 
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Conditions being observed for each susceptibility test as recommended by (WHO, 
1998b) are shown in (Table 3.1). 
Table 3.1: Conditions for WHO insecticide susceptibility tests 
 
 
3.7. Biochemical Assays. 
 
 The third parameter of the study was to detect enzyme based metabolic mechanisms 
involved in producing insecticide resistance in An. stephensi by using biochemical assays. 
These assays were performed to detect qualitative/ quantitative changes in the metabolic 
enzymes which detoxify the insecticides. To conduct these assays 2-3 days old unfed male 
and female mosquitoes of F1 generation were transferred to U.V.A.S., Lahore form insectary 
and were frozen in 1.5 ml tubes at -70ºC till further analysis. Approximately mosquitoes 
(n=100) from each district were tested on 96 well micro titer plates using standard procedures 
recommended by (Penilla et al., 1998; WHO, 1998a) with some minor modifications where 
required. To determine the variability between populations susceptible strain of An. stephensi 
was also used subject to its availability against particular insecticide. The assays used to 
detect elevated levels of various enzymes against different classes of insecticides are shown 
in (Table 3.2). Protein assay was performed to determine protein concentration of individual 
mosquitoes as correction factor.   
 
 
 
District/ Month 
Temp. Range ˚C Relative Humidity % 
Exposed Period With Holding 
Period 
Exposed Period With Holding 
Period 
At 
Start 
At 
End 
At 
Start 
At End At 
Start 
At 
End 
At 
Start 
At End 
Kasur April, 2010 26 24 24 25 80 78 78 75 
Shiekhpura  April, 
2010 
27 27 27 25 79 79 79 77 
Kasur October, 2010 26 23 23 25 79 80 80 77 
Shiekhupura 
October, 2010 
26 26 26 24 74 76 76 73 
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Table 3.2: Biochemical assays used to detect insecticide resistance  
Sr. 
No. 
Type of Enzyme/ Metabolism 
involved 
Biochemical 
Assays Performed 
Insecticide Tested 
1 Altered Acetylcholinesterase 
(AChE) based mechanism  
AChE assay OPs & Carbamates  
2 Non-specific Esterase based 
resistance 
Esterase assay OPs , Carbamates 
& Pyrethroids  
2 Glutathione S Transferase 
(GST) based resistance 
GST assay DDT & OPs 
4 Mixed Function Oxidases 
(MFOs) based resistance  
Monooxygenase 
assay 
Pyrethroids & OPs 
 
3.7.1. Preparation of mosquito homogenates: 
 The first step was preparation of mosquito homogenates. For this purpose batches of 
(n=35±5) 2-3 days old already frozen mosquitoes from each population were individually 
homogenized in 200 µl of distilled water on ice to preserve enzyme activity. All parts of the 
specimen were fully crushed. Each homogenate was processed in replicate. For AChE assay 
2 x 25 µl of crude homogenate was transferred into new 1.5 ml tubes. The remaining 
homogenate was span at maximum speed for 30 sec. After centrifugation aliquots of 2 x 20 µl 
of homogenate were transferred into separate tubes for α and β esterase and monooxygenase 
assays for each assay. Similarly aliquots of 2 x 10 µl were made for GST and protein assays. 
All homogenates were frozen at -20ºC till further use. This procedure was done for both 
populations of mosquitoes.  
3.7.2. Acetylcholinesterase Assay. 
 Briefly, each homogenate was run in replicates (2 x 25 µl) in 96 well microtitre plates. 
To solublize AChE, 145 µl of Triton phosphate buffer (1% Trition X-100® [Applichem, 
Germany] in 0.1 M phosphate buffer pH 7.8) was added to each well. Then 10 µl of dithiobis 
2 nitrobenzoic acid (DTNB) [Applichem, Germany] (0.01 M DTNB in 0.1 M phosphate 
buffer pH 7.0) was added. To initiate the reaction 25 µl of the substrate acetylthiocholine 
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iodide (ASCHI) [Applichem, Germany] was added in one replicate. And for inhibition 25 µl 
of ASCHI containing 2% propoxur (0.1 M) [Baygon, U.S.] was added in second replicate. In 
similar manner control wells were prepared by adding 25 µl of distilled water instead of 
mosquito homogenates. After incubation of about 1 hour this plate was read at 405 nm by 
using microplate reader [Thermo Scientific, USA]. 
 The percentages of propoxur inhibition of AChE activity were determined. This was 
calculated by using the following formula. 
% propoxur inhibition =       OD value of well with propoxur           x 100 
                                         OD value of well without propoxur  
 
The assay conditions have been set so that susceptible mosquitoes (without an altered 
AChE- based resistance mechanism) had atleast 70% inhibition of activity. The mean and 
standard deviation of percentage inhibition for each population was calculated.   
3.7.3. Esterase assay 
 The activity of esterase enzyme was determined by napthyl acetate assay. Briefly, 
each homogenate was run in replicates (2 x 20 µl) in 96 wells microtitre plate. Followed by 
addition of 200 µl of α-napthyl acetate (α NA) solution (100 µl of 30-mM α NA [Applichem, 
Germany] in acetone in 10 ml 0.02 M phosphate buffer pH 7.2) in each well. Then the plate 
was left at room temperature for 15 min incubation. To stop the reaction 50 µl of Fast blue 
stain solution (150 mg Fast blue [Applichem, Germany] in 15 ml distilled water and 35 ml of 
5% sodium deodecyl sulphate) was added to each replicate. Control wells were prepared in 
same manner by adding 20 µl of distilled water instead of mosquito homogenates. One 
another plate was also prepared in similar order as mentioned above by adding 200 µl of β-
napthyl acetate (β-NA) [Applichem, Germany] solution instead of α NA solution in each 
well. Both plates were read at 570 nm by using microplate reader [Thermo Scientific, USA] 
as an end point. 
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 The standard curves of absorbance for α NA and β-NA were calculated by using 
known concentrations of α-napthol [Sigma-Aldrich, USA] and β-napthol [Sigma-Aldrich, 
USA]. The absorbance values for individual mosquitoes were then compared with these 
standard curves. The results were shown graphically as m moles of the end product/ min/ mg 
protein.  
3.7.4. Glutathione-S-transferase assay.  
 Briefly, each homogenate was run in replicates (2 x 10 µl) in 96 well microtitre plate. 
Then 200 µl working solution of reduced glutathione (GSH) [Applichem, Germany] and 1-
chloro, 2-4-dinitobenzene (CDNB) [Applichem, Germany] i.e. GSH/CDNB working solution 
was added in each well. This was prepared by adding 63mM CDNB to 2.5 ml 10 mM GSH. 
Control wells were prepared in similar manner but with addition of 10 µl distilled water 
instead of mosquito homogenates. After incubation of about 20 min at room temperature, the 
plate was read at 340 nm by using microplate reader [Thermo Scientific, USA] as an end 
point.   
 The results for GST assay were calculated as mMol conjugated CDNB/min/mg 
protein using published extinction co-efficient of the product and were plotted graphically as 
ranges of GST activity. 
3.7.5. Monooxygenase assay. 
 This assay was performed to estimate the total amount of cytochrome P450 in 
individual mosquito. Briefly, each homogenate was run in replicates (2 x 10 µl) in 96 well 
microtitre plate. Then 80 µl of 0.625 M potassium phosphate buffer (pH 7.2) was added. 
Afterwards 200 µl of tertramethyl benzidine (TMBZ) [Applichem, Germany] solution was 
added in each well followed by addition of 25 µl of 3% hydrogen peroxide in each well. The 
TMBZ solution was prepared by using 10 mg of TMBZ in 5 ml methanol and then added in 
15 ml of 0.25 sodium acetate buffer (pH 5.0). Control wells were prepared in similar manner 
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but with addition of 10 µl distilled water instead of mosquito homogenates. After incubation 
of about 2 hours at room temperature, the plate was read at 650 nm by using microplate 
reader [Thermo Scientific, USA] as an end point. 
 The standard curve of known concentrations for Cytochrome C [Sigma-Aldrich, 
USA] were made and compared with absorbance values of individual mosquitoes. The values 
were reported as equivalent units of Cytochrome P450/ mg protein, correcting for the known 
haem content of cytochrome C and P450.   
3.7.6. Protein assay. 
 This assay was performed to calculate protein values for individual mosquito. Briefly, 
two replicates (2 x 10 µl) of crude homogenate of each mosquito were run in 96 well 
microtitre plates. Followed by addition of 300 µl Bradford Protein Reagent (prepared as 1:4 
dilutions in distilled water) [Bio Rad, USA] in each well. Two control wells were prepared 
for each plate in similar manner but with addition of 10 µl of distilled water instead of 
mosquito homogenate. After incubation of about 5 min at room temperature, the plate was 
read at 570 nm by using microplate reader [Thermo Scientific, USA] as an end point. 
 The standard curve of absorbance for known concentrations of bovine serum albumin 
[Acros organics, USA] was made to calculate protein values in mg/ protein.  
3.8. Detection of Sporozoites of P. falciparum in An. stephensi. 
 
 The fourth parameter of the study was to determine sporozoites infection rate of field 
caught An. stephensi. This was done by detecting DNA of P. falciparum from field caught 
blood fed females by using PCR. After species identification, the head and thorax of field 
caught blood fed females of An. stephensi were separated and placed in 1.5 ml tubes at -20ºC 
till DNA extraction. Total (n=50) mosquitoes captured from each district were dissected for 
this purpose. 
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3.8.1. DNA Extraction: 
The DNA was extracted with slight modifications as described by (Collins et al., 
1987). Briefly after thawing, the samples were homogenated in 50 µL lyses buffer (0.08 M 
NaCl, 0.16 M sucrose, 0.06 M EDTA, 0.5% sodium dodecyl sulphate, 0.1 M Tris-Cl [pH 
8.6]) using micro pestle. Homogenate was incubated at 65°C for 30 min and 5 µL of 8 M 
potassium acetate was added. The mixture was kept at 4°C for 30 min, followed by 
centrifugation at 12000 x g for 20 min at room temperature. Supernatant was collected in a 
clean molecular grade microfuge tube and a further 100 µL 95% ethanol was added 
immediately and centrifuged at 12000 x g for 20 min. After discarding supernatant, pellet was 
washed with 70% ethanol 2-3 times until a clean pellet of DNA was obtained. Finally the 
pellet was re-suspended in TBE buffer and stored at -20 °C. 
The extracted pellet of DNA was observed through electrophoresis. For this purpose 
samples were loaded in the wells of 1 % agarose gel  (25 mL) containing 2 µL of ethidium 
bromide (0.2 µg/ mL), 2 µL 6x DNA loading dye (Fermentas, Germany) mixed with 8 µL 
DNA sample and thus, 10 µL of sample was loaded in each well of the gel. Current was 
applied at 120 volts for 30 min. The product was visualized under UV illumination. The 
observed DNA samples were preserved at -20 ⁰C for further amplification. 
3.8.2. Polymerase Chain Reaction for Detection of Genus Plasmodium 
The genus Plasmodium was confirmed according to primers rPLU5 
(CCTGTTGTTGCCAAACTTC) and rPLU6 (TTAAAATTGTTGCAGTTAAAACG) used 
and described by (Snounou et al., 1993c) with minor modifications. Briefly, 25 uL of reaction 
mixture containing 2.5 uL of extracted DNA, 12.5 uL of PCR Master Mix (2x) (Fermentas, 
Germany), 1 uL of forward (10 pmoles/uL) and reverse (10 pmoles/uL) primers each (Oligos, 
GeneLink, USA), and 8 uL of DEPC water was subjected to thermocycler (ThermoElectron, 
Finland) under following conditions; initial denaturation at 94 0C for 4 min followed by 35 
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cycles of each of 94 0C for 30 seconds, annealing at 55 0C for 1 min and extension at 72 0C 
for 1 min. The reaction was ended with final extension  made at 72 0C for 10 min followed by 
holding at -20 0C till further processing and electrophoresis on 0.8% agarose yielding 1.1 kb 
product against the standard ladder of 100bp  (Fermentas, Germany). Artificially infected 
mosquitoes served as positive control, whereas, normal saline was used as negative control. 
3.8.3. Nested Polymerase Chain Reaction for Detection of Sporozoites of P. falciparum. 
Sporozoites of P. falciparum was confirmed using amplified PCR product and nested 
PCR was done using primers rFAL1 (TTAAACTGGTTTGGGAAAACCAAATATATT) and 
rFAL2 (ACACAATGAACTCAATCATGACTACCCGTC) described by (Snounou et al., 
1993c) with minor modifications. Briefly, 25 uL of reaction mixture containing 1 uL of 
extracted DNA, 12.5 uL of PCR Master Mix (Fermentas, Germany), 1 uL of forward (10 
pmoles/uL) and reverse (10 pmoles/uL) primers each (Oligos, GeneLink, USA), and 9.5 uL 
of DEPC water was subjected to thermocycler (ThermoElectron, Finland) under following 
conditions; initial denaturation at 94 0C for 4 min followed by 35 cycles of each of 94 0C for 
30 seconds, annealing at 57 0C for 1 min and extension at 72 0C for 1 min. The reaction was 
ended with final extension  made at 72 0C for 10 min followed by holding at -20 0C till 
further processing and electrophoresis on 1.8% agarose yielding 205 bp product against the 
standard ladder of 50bp  (Fermentas, Germany). Artificially infected mosquitoes served as 
positive control, whereas, normal saline was used as negative control. 
3.9. Detection of falciparum Malaria in Suspected Patients: 
The last parameter of the present study was conducted to detect the prevalence of 
falciparum malaria in the villagers of the enrolled districts from October, 2009 to November, 
2010. It was further divided into two halves. The first half was to detect the prevalence of 
falciparum malaria by light microscopy while the second half was to determine the efficacy 
of RDT for detection of falciparum malaria in the field conditions. The rural health units, 
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primary health clinics and private clinics of the same villages or from the nearest location to 
those villages were approached for the said purpose.  
Clinically malaria suspected patients with the history of intermittent fever, chills, 
headache, body ache and mosquito bite with the age ranging from 5-70 years were included 
in the present study. The patients who had not taken anti-malarial were selected. After the 
approved consent of the patients a blood was drawn via a vein puncture using disposable 
sterile syringes and alcohol swabs. The blood samples were transferred into EDTA coated 
labeled vacutainers and used for the following purposes;  
i) To make thin and thick blood smears for the microscopic identification of                  
P. falciparum 
ii) To evaluate the efficacy of commercially available RDT for diagnosis of 
falciparum malaria  
3.9.1. Screening of Blood Sample: 
Both thick and thin blood films were prepared and stained with Giemsa and Field’s 
stain were examined. Then these samples were observed microscopically at 1000x 
magnification to identify parasite species for the detection of falciparum malaria using 
standard procedures (Moody, 2002). Minimum 100 blood fields were examined before 
declaring results. The prevalence of falciparum malaria was detected in both districts. 
Demographic data for whole year was taken from metrological department. Furthermore the 
month-wise, seasonal and sex wise prevalence of falciparum malaria were calculated by 
using this data. 
3.9.2. Evaluation of Rapid Diagnostic Test for falciparum malaria   
The second half of this parameter was to evaluate the efficacy of commercially 
available RDT for diagnosis of falciparum malaria under field conditions. This parameter 
was designed to strengthen the use of RDTs in the field conditions for malaria diagnosis 
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where lab facilities/ expert microscopists are not available. For this purpose a descriptive 
study was planned. Already drawn blood samples from enrolled patients in both districts were 
randomly selected for screening with RDT (Topic 3.9.). It was not applied to all samples 
drawn due to financial limits of the study. Hence total (n=400) clinically suspected blood 
samples from both district were randomly selected for this purpose irrespective of the 
microscopy results. These selected samples were examined through microscopically followed 
by RDT. 
 The commercially available RDT “First response malaria antigen pLDH/ HRP2 
combo” (premier medical corporation limited, India) was used. This is three bands RDT (i.e. 
HRP2, pLDH and control band) used as a screening tool to identify falciparum malaria. It was 
selected on the basis of highest ranked test by a standardized WHO testing methodology, its 
high sensitivity and specificity, its availability and ease to use (Bharti et al., 2008; Ghouth et 
al., 2012; WHO, 2008b). The assay was performed according to the procedure mentioned by 
manufacturer and standard guidelines available (WHO, 2006). Briefly, 5 µl of whole blood 
sample were applied into sample well. The about 60 µl (2 drops) of assay buffer (supplied by 
manufacturer) was added into the buffer well. After rest of about 20 min at room temperature 
the results were recorded accordingly; 
i) Negative: Band appear at Control line (C) only 
ii) Positive for falciparum: Bands appear at Control line (C), Pan line & P.f. line 
or Bands appear at Control line (C) & P.f. line only  
iii)  Positive for other species: Band appear at Control line (C) & Pan line only 
iv) Invalid results: Bands appear other than control line (C) 
The validity indicators i.e. sensitivity, specificity, positive predictive value (PPV) 
negative predictive values (NPV), positive likelihood ratio, negative likelihood ratio and 
accuracy were calculated by using following formulas for RDT for diagnosis of malaria and 
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P. falciparum separately with reference to microscopy as the gold standard (Harani et al., 
2006; Tjitra et al., 1999).  
 Sensitivity = T.P/ (T.P + F.N) 
 Specificity = T.N/ (T.N + F.P) 
 PPV = T.P/ (T.P + F.P) 
 NPV = T.N/ (F.N + T.N) 
 +ve likelihood ratio = sensitivity/ 100- specificity  
 -ve likelihood ratio = 100 - sensitivity/ 100 – specificity 
 Accuracy = (T.P + T.N)/ No. of all tests   
3.11. Statistical analysis 
 The statistical analysis for various parameters was done by different statistical tests 
(column statistics, chi-square test, Fishers exact test, t-test, ANOVA) where required and 
graphical representations. For this purpose Microsoft excels 2007, Graphpad Prism version 
6.04 for windows Graphpad Instat version 3.10 and StatMate 2 for windows version 2.00 
(Graphpad Inc., San Diego, CA) were used (Brighenti et al., 2013; Comar et al., 2014; Dotis 
et al., 2004). 
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CHAPTER 4 
RESULTS 
4.1: Relative abundance of Anopheline species. 
 
 The entomological survey for the relative abundance of Anopheline species in 
Districts Kasur and Shiekhupura was conducted from November, 2009 to October, 2010. 
Total (n=11656) mosquitoes were captured which mainly belong to three genera of 
mosquitoes i.e. Aedes, Anopheles and Culex. P value=0.0001 (P<0.05) shows significant 
variation among relative abundance of mosquito genera (Table 4.1). The mean values with 
standard deviation of total mosquitoes captured from both districts are shown in (Table 4.2). 
 
 
Table 4.1: Total mosquitoes captured 
 
 
 
 
 
 
 
 
 
Table 4.2: Means ±SD of mosquito genera  
 
 
 
 
 
Sr. 
No.  
Genus/ 
District Aedes Anopheles Culex Total 
1 Kasur 167 2610 3389 6166 
2 Shiekhupura 265 2363 2862 5490 
Grand Total 432 4973 6251 11656 
Sr. 
No. 
Mosquito Genus Mean ±Standard Deviation  
1 Aedes 216.0±69.29 
2 Anopheles 2486.5±174.66 
3 Culex 3125.5±372.65 
__________________________________________________________________ RESULTS 
 
42 
 
  
The percentage values of mosquito relative abundance with high abundance of genus 
Culex followed by Anopheles and Aedes are shown in (Fig 4.1). The comparative relative 
abundance of mosquito genera shows a high abundance of genus Anopheles and genus Culex 
in Kasur followed by Shiekhupura. While genus Aedes shown a high abundance in 
Shiekhupura followed by Kasur (Fig 4.2).   
Figure 4.1: Overall relative abundance of mosquitoes  
 
 
 
Figure 4.2: Comparative relative abundance of mosquitoes captured from two districts 
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4.1.1. Total Anopheline Species Captured 
 
 During this entomological survey a total (n=4973) Anopheline mosquitoes were 
captured during the whole year. These were further differentiated up to the species level on 
the basis of their morphological features as previously mentioned in chapter 3. In Pakistan 
about 24 Anopheline species are reported. In present study total six Anopheline species were 
identified from different localities of both districts. Results show an overall higher relative 
abundance of An. stephensi followed by An. subpictus, An. culicifacies, An. pulcherrimus, An. 
annularis and An. nigerrimus respectively (Table 4.3). P value=0.5032 (P>0.05) shows no 
significant variation among Anopheline species captured from both districts. The percentage 
values of overall relative abundance of Anopheline species captured are shown in (Fig 4.3). 
The overall mean values with standard deviation of total Anopheline species captured 
from both districts are shown in (Table 4.4). The percentage values of comparative relative 
abundance of Anopheline species in both districts are shown in Fig 4.4. An. stephensi and An. 
subpictus were highly abundant followed by An. culicifacies in both districts.  
 
 
 
 Table 4.3: Total Anopheline Species Captured 
Sr. 
No. 
 Districts/ 
Anopheline 
Species Kasur Shiekhupura 
Total No. of 
Captured 
Mosquitoes 
1 An. annularis 36 31 67 
2 An. culicifacies 132 141 273 
3 An. pulcherrimus 90 92 182 
4 An nigerrimus 27 31 58 
5 An stephensi 1635 1476 3111 
6 An subpictus 690 592 1282 
Grand Total 2610 2363 4973 
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Table 4.4: Means and standard deviations of total Anopheline species captured 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4.3: Overall relative abundance of Anopheline species captured 
Sr. 
No. 
Anopheline 
Species  
Mean ±Standard Deviation  
1 An. annularis 
33.5±3.536 
2 An. culicifacies 
136.5±6.364 
3 An. pulcherrimus 
91.0±1.414 
4 An nigerrimus 
29.0±2.828 
5 An stephensi 
1555.5±112.43 
6 An subpictus 
641.0±69.296 
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Figure 4.4: Comparative relative abundance of Anopheline species captured from two districts  
 
 
4.1.2.  Monthwise prevalence of Anopheline species 
 
 The month wise relative abundance of Anopheline species was also studied during 
this entomological survey from November, 2009 to October, 2010. The percentage values of 
month-wise relative abundance of Anopheline species captured during the whole year are 
shown in (Fig 4.5). The highest abundance was seen in the month of July (19.26%) and 
lowest was seen in the month of December (0.70%). The overall values of mean and standard 
deviations of month wise abundance of these Anopheline species are shown in (Table 4.5). P 
value=0.0001 (P<0.05) shows that variation among month wise abundance of mosquitoes 
differs significantly.  
 The percentage values of comparative abundance of Anopheline species in both 
districts are shown in (Fig 4.6). Results show almost the same pattern of mosquito abundance 
in both districts. The highest abundance was seen in the month of July in both districts (19.11 
__________________________________________________________________ RESULTS 
 
46 
 
  
% and 19.42% in districts Kasur & Shiekhupura); while lowest abundance in both districts 
was seen in the month of December (0.57% and 0.84% in districts Kasur and Shiekhupura 
respectively).  
 
 
 
 
 
 
 
 
 
 
 
Figure 4.5: Total month wise relative abundance of Anopheline species 
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Table 4.5: Means ± SD of month wise Anopheline species captured 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4.6: Total month wise comparative relative abundance of Anopheline species 
Sr. 
No. 
Months  Mean ±Standard Deviation  
1 November 
8.0±9.5 
2 December 
5.8±8.1 
3 January 
17.0±29.1 
4 February 
25.8±43.1 
5 March 
40.8±69.7 
6 April 
45.6±78.0 
7 May 
29.6±44.2 
8 June 
127.5±255.7 
9 July 
159.6±301.9 
10 August 
112.5±135.5 
11 September 
142.6±166.9 
12 October 
113.6±148.9 
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The mean values and standard deviations of month-wise abundance of each district 
are shown in (Table 4.6). The highest value for both districts was seen in the month of July 
(i.e. 83.2±161.5 and 76.5±140.5 for districts Kasur and Shiekhupura respectively). While the 
lowest values of means and standard deviations were seen in the month of December for both 
districts (i.e. 3.4±4.3 and 4.5±5.5 for districts Kasur and Shiekhupura respectively). The P 
value=0.0001 (P<0.05) shows extremely significant variation among total month-wise 
abundance in both districts. 
 
 
 
Table 4.6: Means ± SD of month wise Anopheline species captured for each district 
 
 
 
 
Sr. 
No. 
Months  Mean ±Standard Deviation 
District Kasur 
Mean ±Standard Deviation 
District Shiekhupura 
1 November 
3.4±4.3 4.5±5.5 
2 December 
2.5±3.3 3.3±4.9 
3 January 
8.0±13.3 9.0±16.0 
4 February 
13.8±24.5 12.0±18.8 
5 March 
19.8±32.1 21.0±37.7 
6 April 
24.2±43.4 21.5±34.8 
7 May 
14.3±19.6 15.3±24.8 
8 June 
74.3±156.0 53.2±99.8 
9 July 
83.2±161.5 76.5±140.5 
10 August 
53.3±64.0 59.1±71.8 
11 September 
77.3±95.7 65.3±72.9 
12 October 
60.7±83.1 53.0±67.5 
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4.1.3. Seasonwise prevalence of Anopheline species 
 
The present study revealed that the overall abundance of mosquitoes in both districts 
was higher in the rainy season, especially in the month of July (19.26%) followed by high 
abundance at the start of post monsoon period i.e. in the months of September (17.21%) and 
October (13.71%). While there was a decline in the abundance of mosquitoes during the late 
monsoon period due to decrease in the rainfall and temperature with the lowest abundance in 
the month of December (0.7%). While moving towards the end of the dry period, it shows 
again increase in the surge of mosquitoes i.e. March (4.92%) to June (15.38%) due to 
increase in rainfall and followed by the start of monsoon period.  
  The comparison of meteorological data with the month-wise relative abundance of 
Anopheline species in both districts Kasur and Shiekhupura respectively has shown in (Figs 
4.7 and 4.8). The data interpretation from each district exhibited the same pattern of 
mosquito’s abundance as mentioned above with highest abundance in rainy season followed 
by decline in the late monsoon period and lowest in the winter season. While by the start of 
the summer season there was again rise in the mosquito population due to change in rainfall 
and temperature.   
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Figure 4.7: Comparison of meteorological data with relative abundance of Anopheline species in 
district Kasur 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4.8: Comparison of meteorological data with relative abundance of Anopheline species in 
district Shiekhupura 
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4.2. Insecticide Susceptibility Tests: 
 
The second parameter of the study was to evaluate the insecticide susceptibility status 
of An. stephensi captured from the field. In both districts, each insecticide was tested twice in 
a year i.e. April and October, 2010. It was done by using WHO susceptibility test kit method. 
The experimental mortality was corrected by using Abbot’s formula where control mortality 
ranged from 5 to 20%. The resistance status was evaluated as per WHO criteria i.e.  
i) Mortality < 80% was considered as resistant,  
ii) Mortality 80-97% as tolerant (suggests the possibility of resistance and further 
investigations required) and  
iii)  Mortality 98% and above as susceptible.   
In our study F1 generation of field caught An. stephensi was tested against four 
different types of insecticides i.e. bendiocarb, deltamethrin, DDT and permethrin. Results 
shown An. stephensi was resistant against all insecticides tested. Among these, DDT was the 
most resistant insecticide found in both districts with mortality 14% to 20%. Deltamethrin 
shown resistance with mortality 36.4% to 44.6% followed by bendiocarb which shown 
mortality 64.2% to 68%. On the other hand Permethrin showed mortality 75.7% to 82%. This 
indicates that further investigations should be done to exactly notice the resistance status of 
permethrin in these areas.  The KDT50 and KDT95 values were also calculated. Among both 
districts the minimum KDT50 and KDT95 values were calculated for permethrin i.e. 40.5 min 
to 107.7 min respectively from district Kasur. The highest KDT50 and KDT95 values were 
calculated for bendiocarb i.e. 217.6 min to 1987.0 min respectively also from district Kasur.   
Results for each district in each month are summarized below. The results of 
insecticides tested in district Kasur during April and October, 2010 respectively are shown in 
(Tables 4.7 and 4.8). The F1 generation of An. stephensi from this district showed resistance 
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against all insecticides tested. The mortality ranged from 14% for DDT to 81% for 
permethrin. The KDT50 value ranged from 40.5 min for permethrin to 217.6 min for 
bendiocarb. While the KDT95 value ranged from 107.7 min for permethrin to 1200.1 min for 
bendiocarb. The time responses probit log graph of bendiocarb 0.1%, deltamethrin 0.05%, 
DDT 4% and permethrin 0.75% respectively for district Kasur in April, 2010 are shown in 
(Figs 4.9, 4.10, 4.11 and 4.12). Similarly the time responses probit log graph of bendiocarb 
0.1%, deltamethrin 0.05%, DDT 4% and permethrin 0.75% respectively for district Kasur in 
October, 2010 are shown in (Figs 4.13, 4.14, 4.15 and 4.16). 
The results of insecticides tested in district Shiekhupura during April and October, 
2010 respectively are shown in (Tables 4.9 and 4.10). The F1 generation of An. stephensi 
from this district also showed resistance against all insecticides tested. The mortality ranged 
from 16% for DDT to reduced susceptibility 82% for permethrin. The KDT50 value ranged 
from 43.2 min for permethrin to 940.6 min for DDT. While the KDT95 value ranged from 
114.2 min for permethrin to 940.6 min for bendiocarb. The time responses probit log graph of 
bendiocarb 0.1%, deltamethrin 0.05%, DDT 4% and permethrin 0.75% respectively for 
district Shiekhupura in April, 2010 are shown in (Figs 4.17, 4.18, 4.19 and 4.20). Similarly 
the time responses probit log graph of bendiocarb 0.1%, deltamethrin 0.05%, DDT 4% and 
permethrin 0.75% respectively for district Shiekhupura in October, 2010 are shown in (Figs 
4.21, 4.22, 4.23 and 4.24). 
The P=0.9781 (P>0.05) had shown no significant difference between the percentage 
mortality among each insecticide tested in both districts. These phenotypic results shown by 
F1 generation of field caught An. stephensi were co-related with the results of biochemical 
assays to provide further evidence of insecticide resistance in these mosquitoes.  
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Table 4.7: Insecticide susceptibility assay for district Kasur in April, 2010 
 
 
 
 
 
 
 
Table 4.8: Insecticide susceptibility assay for district Kasur in October, 2010  
 
 
Insecticide Tested 
With 
Discriminating 
Dose 
No. of 
Mosquitoes 
Exposed 
(n) 
Percentage 
Mortality After 24 
hrs Exposure 
(%)  
KDT50 
 
(CL) 
KDT95  
 
(CL) 
 
Exp. Control Exp. 
Correcte
d 
Control 
Bendiocarb 0.1 % 95 25  70.5 4.0 177.34 
(101.2 - 1209.7) 
1200.18 
(350.0 - 91899.2) 
Deltamethrin 0.05 % 96 22 36.4 4.5 76.03  
(64.53 – 101.52) 
217.62 
(146.37 – 466.65) 
DDT 4 % 93 22 14.0 4.5 152.18 
(95.71 – 640.32) 
672.33  
(256.84 – 14526.99) 
Permethrin 0.75 % 95 23 79.2 8.6 42.50  
(39.23 – 46.65) 
107.74  
(88.04 – 146.16) 
Insecticide Tested 
With Discriminating 
Dose 
No. of 
Mosquitoes 
Exposed 
(n) 
Percentage 
Mortality After 24 
hrs Exposure 
(%)  
KDT50 
 
(CL) 
KDT95  
 
(CL) 
 
Exp. Control Exp. 
Corrected 
Control 
Bendiocarb 0.1 % 100 20 64.2 5.0 217.6 
(110.7 – 3267.0) 
1987.0 
(443.8 – 935165.5) 
Deltamethrin 0.05 % 100 25 40.0 4.0 92.19 
(72.6 – 147.6) 
331.34 
(189.73 – 1061.3) 
DDT 4 % 100 20 20.0 5.0 131.2 
(89.6 – 350.5) 
560.9 
(246.2 – 5017.4) 
Permethrin 0.75 % 100 22 81.0 4.5 40.5 
(37.2 – 44.7) 
115.2 
(91.9 – 163.1) 
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Table 4.9: Insecticide susceptibility assay for district Shiekhupura in April, 2010  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Table 4.10: Insecticide susceptibility assay for district Shiekhupura in October, 2010  
 
Insecticide Tested 
With Discriminating 
Dose 
No. of 
Mosquitoes 
Exposed 
(n) 
Percentage 
Mortality After 24 
hrs Exposure 
(%)  
KDT50 
 
(CL) 
KDT95  
 
(CL) 
 
Exp
. 
Control Exp. 
Corrected 
Control 
Bendiocarb 0.1 % 100 20 68.0 0.0 65.0 
(57.8 – 77.6) 
159.2 
(120.1 – 255.5) 
Deltamethrin 0.05 % 100 25 44.6 8.0 83.4 
(68.3 – 120.6) 
272.0 
(169.5 – 693.7) 
DDT 4 % 100 22 16.0 4.5 187.8 
(106.4 – 1476.1) 
940.6 
(299.0 – 66624.0) 
Permethrin 0.75 % 100 21 75.7 9.5 43.2 141.5 
Insecticide Tested 
With Discriminating 
Dose 
No. of 
Mosquitoes 
Exposed 
(n) 
Percentage 
Mortality After 24 
hrs Exposure 
(%)  
KDT50 
 
(CL) 
KDT95  
 
(CL) 
 
Exp. Control Exp. 
Corrected 
Control 
Bendiocarb 0.1 % 95 20 64.9 10.0 147.7 
(93.6 – 558.6) 
784.9 
(288.4 – 15904.0) 
Deltamethrin 0.05 % 97 24 40.3 8.3 73.2 
(63.2 – 93.7) 
189.68 
(134.2 – 355.0) 
DDT 4 % 96 22 17.7 4.5 124.0 
(187.4 – 311.2) 
419.1 
(203.1 – 3016.2) 
Permethrin 0.75 % 97 24 82.0 8.3 43.42  
(39.9 – 47.9) 
114.2 
(92.1 – 158.5) 
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Figure 4.9: Time response probit log graph of Bendiocarb from Kasur in April, 2010  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4.10: Time response probit log graph of Deltamethrin from Kasur in April, 2010 
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Figure 4.11: Time response probit log graph of DDT from Kasur in April, 2010 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4.12: Time response probit log graph of Permethrin from Kasur in April, 2010 
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Figure 4.13: Time response probit log graph of Bendiocarb from Kasur in October, 2010 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4.14: Time response probit log graph of Deltamethrin from Kasur in October, 
2010 
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Figure 4.15: Time response probit log graph of DDT from Kasur in October, 2010 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4.16: Time response probit log graph of Permethrin from Kasur in October, 2010 
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Figure 4.17: Time response probit log graph of Bendiocarb from Shiekhupura in April, 2010 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4.18: Time response probit log graph of Deltamethrin from Shiekhupura in April, 2010 
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Figure 4.19: Time response probit log graph of DDT from Shiekhupura in April, 2010 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4.20: Time response probit log graph of Permethrin from Shiekhupura in April, 2010 
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Figure 4.21: Time response probit log graph of Bendiocarb from Shiekhupura in October, 2010 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4.22: Time response probit log graph of Deltamethrin from Shiekhupura in October, 
2010 
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Figure 4.23: Time response probit log graph of DDT from Shiekhupura in October, 2010 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4.24: Time response probit log graph of Permethrin from Shiekhupura in October, 2010 
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4.3. Biochemical assays for insecticide resistance: 
 
 As previously mentioned different mechanisms are involved in producing insecticide 
resistance in mosquitoes. These mechanisms can be detected by using different assays. In 
connection to this the third parameter of the present study was planned to conduct 
biochemical assays for detection of enzymatic mechanisms involved in producing insecticide 
resistance. These assays were used to detect role of enzymatic changes in producing 
resistance in An. stephensi against bendiocarb, DDT, deltamethrin and permethrin. The 
results of these assays were also compared with the results of WHO susceptibility kit method 
to correlate the phenotypic resistance shown by mosquitoes with enzymatic changes. For 
these assays already frozen 2-3 days old non-fed males and females from F1 generation of 
field caught An. stephensi were used.  
 
4.3.1. Acetylcholinesterase Assay (AChE Assay).  
 The AChE assay was performed to detect altered acetylcholinestrase based 
mechanism against bendiocarb resistance in An. stephensi. For this purpose mosquito 
homogenates (n=30) from each district were processed. The mean and standard deviation of 
percentage propoxur inhibition was calculated for homogenates from each district and were 
compared with the values for susceptible strain. The result shows high level of alteration in 
enzyme activity compared to susceptible strain (Table 4.11). The WHO susceptibility kit 
method also showed bendiocarb resistance in field strains of An. stephensi. The results of 
AChE assay are in accordance with the phenotypic resistance show by An. stephensi field 
strains against bendiocarb. This depicts that altered acetylcholinestrase based mechanism 
may be involved in causing resistance against bendiocarb in these mosquitoes. The results 
show high level of bendiocarb resistance in both field strains. The graph representing mean 
±SD values of percentage propoxur inhibition of different strains is shown in (Fig 4.25).  
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 Table 4.11: Mean ± SD of % propoxur inhibition from both districts 
 
  
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4.25: Mean ± SD of % propoxur inhibition in various strains of An. stephensi 
Mosquito 
Strains 
Sample Size 
(n) 
Percentage Propoxur Inhibition 
(Mean ± SD) 
Kasur 30 72.0 ± 20.1 
Shiekhupura 30 68.3 ± 13.0 
Susceptible 30 25.5 ± 2.6 
__________________________________________________________________ RESULTS 
 
65 
 
  
4.3.2. Non-Specific Esterase Assay (NSE Assay). 
High activity of non specific esterase based mechanism is involved in imparting 
resistance against carbamates and OPs. High levels of these enzymes have also been involved 
in pyrethroid resistance in several Anopheline species. To detect the altered levels of these 
enzymes in field collected strains of An. stephensi and their role in resistance, α- napthyl 
acetate and β- napthyl acetate assays were performed. For field stains (n=40) homogenates 
from each district were processed while (n=30) homogenates were processed for susceptible 
strain. The mean values of end product produced i.e. α-napthol and β-napthol in mM/min/mg 
protein were compared with the mean values produced by susceptible strain (Figs 4.26 and 
4.27).  
 Result shows elevated levels of NSEs in both strains as compared to susceptible 
strain. The activity in the susceptible strain ranged from 0.157 – 1.372 mM α-napthol 
produced/min/mg protein (mean 0.5629±0.24). For Kasur strain it was 2.329-3.665 mM α-
napthol produced/min/mg protein (mean 2.914±0.29) while for Shiekhupura strain it ranged 
from 1.028-3.548 mM α-napthol produced/min/mg protein (mean 2.438±0.56) (Figure 4.28). 
Similarly for β- napthol the activity in the susceptible strain ranged from 0.657–1.817 mM β -
napthol produced/min/mg protein (mean 1.294±0.34). For Kasur strain it ranged from 
5.1012-8.090 mM β -napthol produced/min/mg protein (mean 6.505±0.71) while for 
Shiekhupura strain it ranged from 1.076-4.628 mM β -napthol produced/min/mg protein 
(mean 2.873±.725) (Figure 4.29). 
  Metabolic resistance due to NSEs fluctuates from specific to very general resistance, 
affecting a very broad range of compounds. On comparison with the phenotypic resistance 
determined through WHO susceptibility kit method, it depicts that high levels of NSEs may 
be involved in conferring resistance against bendiocarb in both field strains while their 
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elevated levels may also taking part in resistance mechanisms against pyrethroids in these 
strains.    
 
 
 
 
 
 
 
 
 
 
Figure 4.26: Mean ±SD of α-napthol activity in field strains of An. stephensi from both districts 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4.27: Mean ±SD of β-napthol activity in field strains of An. stephensi from both districts 
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Figure 4.28: Non specific α-esterase activity in fie ld strains of An. stephensi from both districts 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4.29: Non specific β- esterase activity in field strains of An. stephensi from both districts 
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4.3.3. Glutathione-S-transferase assay (GST Assay). 
 The GST assay was performed to detect GST based mechanisms involved in 
resistance against insecticide. The elevated GST activity is associated with resistance in 
almost all classes of insecticides particularly DDT in An. stephensi. This assay was also 
performed on mosquitoes from both districts and results were analyzed in relation to 
susceptible strain. The results for GST assay were calculated as mM conjugated CDNB/ min/ 
mg protein using published extinction co-efficient of the product. The mean values for 
different strains were plotted graphically as means ±SD of GST activity (Fig 4.30). 
The high level of alteration in GST activity in mosquito strains from both districts i.e. 
0.491 and 0.458 mMol conjugated CDNB/ min/ mg protein in districts Kasur and 
Shiekhupura respectively as compared to susceptible strain (Table 4.12). P value=0.0036 
(P<0.05) shows significant variation in enzyme activity among field and susceptible strains. 
The WHO susceptibility kit method also showed high level of DDT and deltamethrin 
resistance in field strains of An. stephensi. The results of GST assay are in accordance with 
the phenotypic resistance shown by An. stephensi field strains against DDT and deltamethrin. 
This depicts that altered GST enzymes activity may be involved in causing resistance against 
insecticides in these mosquitoes. Both assays’ results show high level of resistance in field 
strains.  
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Table 4.12: Mean ±SD of GST activity in field strains of An. stephensi from both districts 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4.30: Mean ± SD of GST activity in field strains of An. stephensi from both districts 
Mosquito 
Strains 
Sample Size 
(n) 
mM/min/mg/Protein 
(Mean ± SD) 
Kasur 30 0.491 ± 0.08 
Shiekhupura 30 0.458 ± 0.06 
Susceptible 30 0.156 ± 0.02 
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4.3.4. Monooxygenase assay. 
 
 The mean values of monooxygenases (MFOs) for local strains of An. stephensi were 
also detected in the present study. This assay investigated the role of elevated MFOs in 
conferring pyrethroid resistance to field caught An. stephensi. For field strains (n=25) 
homogenates from each district and for susceptible strain (n=25) homogenates were 
processed. The mean values for product produced are expressed as mM/min/mg protein 
compared with the mean value of susceptible strain. These values for different strains were 
plotted graphically as mean ±SD of MFO activity (Fig 4.31). Result shows elevated levels of 
monooxygenases in both strains as compared to susceptible strain. The activity in the 
susceptible strain ranged from 0.0769-2.154 mM/min/mg protein (mean 1.032±0.6277). For 
Kasur strain it ranged from 1.385-8.385 mM/min/mg protein (mean 4.646±1.802) while for 
Shiekhupura strain it ranged from 0.2308-11.85 mM/min/mg protein (mean 5.662±3.049) 
(Fig 4.32). 
On comparison with the phenotypic resistance determined through WHO 
susceptibility kit method, it depicts that high levels of MFOs may be involved in conferring 
resistance against deltamethrin in both field strains. An. stephensi showed high level of 
phenotypic resistance against deltamethrin. However the result of phenotypic resistance 
against permethrin needs further investigations to confirm their involvement in resistance 
mechanisms against permethrin in these strains.    
Hence overall results of these biochemical assays clarify the fact that multiple 
resistance mechanisms could be involved in conferring insecticide resistance in these field 
strains of An. stephensi. These mechanisms should be further evaluated to have sound and 
updated knowledge about the insecticide resistance in different malaria vectors of the 
country.  
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Figure 4.31: Mean ± SD of MFOs activity in field strains of An. stephensi from both districts  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4.32: MFOs activity in field strains of An. stephensi from both districts 
__________________________________________________________________ RESULTS 
 
72 
 
  
4.4. Detection of Plasmodium falciparum in Malaria Vectors. 
 
 Knowledge about vector biology and epidemiology plays key role in modulating 
successful vector control strategies. In this regard the fourth parameter of the present study 
was designed. The sporozoite infection rate of P. falciparum in field caught An. stephensi 
female mosquitoes was detected through PCR. Already frozen head and thoraces of (n=100) 
mosquitoes from both districts were processed.  
 After final round by using rFAL1 
(TTAAACTGGTTTGGGAAAACCAAATATATT) and rFAL2 
(ACACAATGAACTCAATCATGACTACCCGTC) forward and reverse primers 
respectively a DNA band of 205 bp length for P. falciparum ssrRNA gene was amplified. 
These bands were detected through gel electrophoresis (Fig 4.33). The P. falciparum 
sporozoite infection rate was higher i.e. 10% in An. stephensi from District Shiekhupura 
followed by 6% sporozoite infection rate in mosquitoes collected from District Kasur (Table 
4.13).  
 
 
 
 
 
 
 
 
 
 
Table 4.13: Sporozoite infection rate of P. falciparum in field caught An. stephensi from both 
districts  
 
 
 
 
 
 
District No. of samples tested Sporozoite infection rate 
Kasur 50 3 (6%) 
Shiekhupura 50 5 (10%) 
Grand Total 100 8 (8%) 
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                                         205 bp 
 
Figure 4.33: Amplification of P. falciparum from head and thoraces of An. stephensi from both 
districts. A: positive control, B: Ladder, C-D: DNA bands from District Kasur, F-H: DNA 
bands from District Shiekhupura. 
                                                                                                                                                       
 
 
 
 
 
 
 
 
 
 
 
__________________________________________________________________ RESULTS 
 
74 
 
  
4.5: Prevalence of Plasmodium falciparum in malaria patients. 
 
The first half of last parameter of the present study was to detect the prevalence of P. 
falciparum in the malaria patients from November, 2009 to October, 2010 in both districts. 
The flowchart of microscopically examined blood samples (Fig 4.34). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4.34: Flowchart of microscopically examined blood slides 
Total Enrolled Patients 
N = 2291 
Excluded = 38 
Not given consent/ refused 
for vein puncture 
 
 Finally Enrolled Patients 
N = 2253 
Total Slides Examined 
Microscopically 
N = 2244 
Blood Slides Discarded  
09 
+ve slides 
n = 475 
-ve slides 
n = 1769 
Kasur 
n = 292 
Shiekhupura 
n = 183 
 
Kasur 
n = 942 
 
Shiekhupura 
n = 827 
 
P.f. +ve 
n = 19 
P.f. +ve 
n = 29 
 
P.v. +ve 
n = 273 
 
P.v. +ve 
n = 154 
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Out of total (n=2244) blood samples examined microscopically during a whole year 
475 (21.16%) were found positive for malaria (Table 4.14). The chi-square with Yates’ 
correction test show P value=0.0017 (p<0.05) which indicates significant difference between 
positive and negative slides examined. The comparison between the positive and negative 
samples seen from both districts is shown in (Fig 4.35).  
 
 
Table 4.14: Total no. of blood samples positive for malaria from both districts  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4.35: Total malaria positive samples from both districts  
District 
Total No. of 
slides examined 
No. of positive 
slides 
No. of slides 
negative 
Kasur 1234 292 942 
Shiekhupura 1010 183 827 
Grand 
Total 2244 475 1769 
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Out of total 475 positive samples only 48 (10.1%) were found positive for P. 
falciparum in both districts. In district Kasur only 19 (6.5 %) samples were found positive for 
P. falciparum while in district Shiekhupura only 29 (15.8%) samples were found positive for 
P. falciparum (Table 4.15). The Fisher’s exact test shows the P value=0.0015 (P<0.05) which 
indicates the significant difference between the prevalence of P. falciparum & P. vivax with 
high prevalence of P. vivax in both districts. While from overall blood slides examined 
19(1.53%) and 29(2.85%) cases were found positive for P. falciparum from districts Kasur 
Shiekhupura respectively (Fig 4.36).  
 
Table 4.15: Total no of blood samples positive for P. falciparum from both districts  
District 
Total no. of 
positive slides 
Positive for            
P. falciparum 
Positive for    
P. vivax 
Kasur 292 19 273 
Shiekhupura 183 29 154 
Grand 
Total 475 48 427 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4.36: Total P. falciparum positive samples from both districts  
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4.5.1.  Month-wise prevalence of Plasmodium falciparum 
 
The month wise prevalence of P. falciparum was also calculated during this study 
from November, 2009 to October, 2010. Out of total 48 positive samples for P. falciparum 
the highest prevalence was seen in the month of September (25%) and lowest was seen in the 
month of November (2.0%). While no positive samples were found in the month of 
December, January, April and May. The total no. of samples found positive for P. falciparum 
during the whole year are shown in (Fig 4.37).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4.37: Overall positive samples of P. falciparum from both districts 
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From district Kasur out of total 19 positive samples the highest prevalence of P. 
falciparum was seen in the month of September 5(26%) followed by positive cases in the 
month of October, June, July and August respectively. While no positive samples were found 
in rest of the months. From district Shiekhupura out of total 29 positive samples the highest 
prevalence was also seen in the month of September followed by July, August, October, 
March, February and November respectively. While no positive samples were found in rest 
of the months. The comparative month-wise prevalence of P. falciparum in both districts is 
shown in (Fig 4.38).   
 
 
 
 
Figure 4.38: Month-wise comparative prevalence of P. falciparum 
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4.5.2: Season-wise prevalence of P. falciparum   
According to the climatic conditions of Punjab, Pakistan the dry period comprised of 
March to June followed by monsoon period starting from end of June to Mid of September. 
The post monsoon period reamins from end of Septmeber to Feburary. The present study 
revealed that the overall prevalence of falciaprum malaria in both districts was higher at the 
end of monsoon period especially in the month of September (2.5%). While there was a 
decline in the prevalence of falciparum malaria during the dry period due to decrease in the 
rain fall and increase in temperature in these months.  
  The comparison of meteorological data with the month-wise prevalence of falciparum 
malaria in districts Kasur Shiekhupura respectively has shown in (Figs 4.39 and 4.40). The 
data interpretation from each district exhibited the same pattern of prevalence as mentioned 
above with highest abundance in late and early monsoon followed by decline in the winter 
and dry season due to extreme changes in rain fall and temperature. 
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Figure 4.39: Comparison of meteorological data with prevalence of falciaprum malaria in 
district Kasur 
 
 
 
 
 
 
 
Figure 4.40: Comparison of meteorological data with prevalence of falciaprum malaria in 
district Shiekhupura 
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4.5.3: Sex-wise prevalence of P. falciparum 
   
Among total positive cases the overall prevalence of malaria was higher in males 
(58.31 %) than females (41.68 %). While from total positive cases of falciparum malaria 26 
(54.16%) and 22 (45.83%) were observed in males and in females respectively. The Fisher’s 
exact test shows the P value=0.645 (P>0.05) which indicates that there is no significant 
difference between the prevalence of falciparum malaria in males and females (Table 4.16).  
 
Table 4.16: Sex wise overall prevalence of falciparum malaria 
 
The sex wise prevalence of falciparum malaria in district Kasur is shown in (Table 
4.17). The overall prevalence of malaria positive cases was higher in males (24.46%) than 
females (22.42%). While among total positive cases falciparum malaria was higher in 
females (7.3%) than males (6.0%). The Fisher’s exact test shows the P value=0.628 (P>0.05) 
which indicates that there is no significant difference between the prevalence of falciparum 
malaria in males and females in district Kasur. The sex wise prevalence of falciparum 
malaria in district Shiekhupura is shown in (Table 4.18). The overall prevalence of malaria 
positive cases was higher in females (19.73%) than males (16.81%). While among total 
positive cases falciparum malaria was also higher in females (17.97%) than males (13.82%). 
The Fisher’s exact test shows the P value=0.571 (P>0.05) which indicates that there is no 
Sex Total Cases 
Examined 
Total No. of 
positive samples 
Positive for P. 
falciparum 
Positive for 
P. vivax 
Male 1307 277 (21.19%) 26 251 
Female 937 198 (21.13%) 22 176 
Grand Total 2244 475 (21.16%) 48 427 
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significant difference between the prevalence of falciparum malaria in males and females in 
district Shiekhupura.  
 
Table 4.17: Sex wise prevalence of falciparum malaria in district Kasur 
 
 
 
 
 
 
 
 
Table 4.18: Sex wise prevalence of falciparum malaria in district Shiekhupura 
 
 
 
Sex Total Cases 
Examined 
Total No. of 
positive samples 
Positive for P. 
falciparum 
Positive for 
P. vivax 
Male 748 183 (24.46%) 11 172 
Female 486 109 (22.42%) 08 101 
Grand Total 1234 292 (23.66%) 19 273 
Sex Total Cases 
Examined 
Total No. of 
positive samples 
Positive for P. 
falciparum 
Positive for 
P. vivax 
Male 559 94 (16.81%) 13 81 
Female 451 89 (19.73%) 16 73 
Grand Total 1010 183 (18.11%) 29 154 
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4.5.4. Evaluation of Rapid Diagnostic Test for falciparum malaria  
  
The second half of this parameter was to evaluate the efficacy of commercially 
available RDT for diagnosis of falciparum malaria under field conditions. The flowchart of 
examined blood samples both microscopically and by using RDT has shown in (Fig 4. 41). 
 
 
 
 
 
 
 
           
 
 
 
 
 
                                                              Microscopy 
 
 
 
 
 
 
 
 
First response malaria antigen pLDH/ HRP2 combo cassette 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4.41: Flowchart showing blood slides examined through RDT 
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 All (n=386) clinically suspected malaria patients were subjected to both RDT and 
microscopic examination of blood smears. On comparison the result shows 98 (25.3%) blood 
samples test positive by RDT whereas 76 (19.6%) tested positive by microscopy. Out of 76 
microscopically positive, RDT was positive in 71. Therefore the “First response malaria 
antigen pLDH/ HRP2 combo” only missed 4 cases, which were identified by microscopy. Out 
of 98 blood samples tested positive by RDT only 13 were positive for P. falciparum. Among 
which 9 were positive for P. falciparum by both RDT and microscopy. While 4 were positive 
by RDT but negative by microscopy (Table 4.19).  
The sensitivity of present RDT for diagnosis of overall malaria was higher (93.42%) 
than for falciparum malaria (81.82%). Its specificity for the diagnosis of falciparum malaria 
was higher (98.93%) than for all malaria diagnosis (91.29%). The PPV value for diagnosis of 
overall malaria was higher (72.45%) than for falciparum malaria (69.23%). The NPV for 
both all malaria (98.26%) and falciparum malaria diagnosis (99.46%) was high (Table 4. 20).  
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Table 4.19: Comparison of results from RDT and light microscopy 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Table 4.20: Validity indicators for RDT versus microscopy for the diagnosis of malaria 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
RDT results 
Blood Smear Results Total 
 
No. 
+ ve 
No. 
-Ve 
No. 
Total malaria 
+ve 
-ve 
 
Total 
 
71 
05 
 
76 
 
27 
283 
 
310 
 
98 
288 
 
386 
Falciparum malaria 
+ve 
-ve 
 
Total 
 
09 
02 
 
11 
 
04 
371 
 
375 
 
13 
372 
 
386 
Validity Indicator Total Malaria 
 
% (95% Cl) 
Falciparum 
malaria 
% (95% Cl) 
Sensitivity 93.42 
(85.30-97.80) 
81.82 
(48.24-97.18) 
Specificity 91.29 
(87.58-94.18) 
98.93 
(97.29-99.70) 
PPV 72.45 
(62.50-80.99) 
69.23 
(38.61-90.72) 
NPV 98.26 
(95.99-99.43) 
99.46 
(98.70-99.92) 
Likelihood Ratio (+ve) 10.73 
(7.44-15.46) 
76.70 
(27.83-211.40) 
Likelihood Ratio (-ve) 0.07 
(0.03-0.17) 
0.18 
(0.05-0.64) 
Accuracy  91.7 98.4 
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CHAPTER 5 
DISCUSSION 
 Pakistan is a tropical agriculture based country with its 63% population residing in 
rural areas. Malaria being one of the major public health issues is still endemic in various 
regions of the country with rural population at more risk. The defaulted irrigation systems, 
improper waste management, poor health and living standards due to poverty, irrational anti-
malarial drug use, inappropriate use of insecticides and climatic conditions of the region are 
malariogenic factors which impart their role in persistent endemicity of the disease in the 
country (Khan et al., 2006a; Khattak et al., 2013b; Sahar et al., 2012; Soomro et al., 2010; 
Zubairi et al., 2013). The above mentioned scenario, lack of updated knowledge regarding 
epidemiology of malaria and undefined co-relation between the extent of parasitemia and 
clinical illness due to disease compel about 60 % of Pakistan’s population to live under the 
threat of malaria. Due to which annually 500,000 malarial cases and about 50,000 causalities 
are occurring in the country (Khattak et al., 2013b; Mukhtar, 2006; Prybylski et al., 1999). 
(Ghanchi et al., 2011). 
 Among five Plasmodium species, P. falciparum (the most dangerous) and P. vivax 
(the most prevalent) are mainly responsible for malaria cases in Pakistan. P. falciparum 
accounts 25% of malaria cases across the country and is responsible for serious morbidity and 
mortalities nationwide (Khattak et al., 2012; Sahar et al., 2012; Shahzadi et al., 2014; WHO, 
2013b). Increase in incidence of falciparum malaria had occurred during last decade. Anti-
malarial resistance, changing climatic conditions and vector epidemiology are important 
determinants of this change (Ghanchi et al., 2011; Haider et al., 2013; Yasinzai et al., 2008a). 
 The published data available on falciparum malaria in Pakistan had investigated the 
disease burden in various regions of the country. This data either highlighted the disease 
pattern of falciparum malaria in regions other than Kasur and Shiekhupura or the available 
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data is too older that not giving proper information about the current status of disease in these 
districts (Abbasi et al., 2009; Beg et al., 2008; Bouma et al., 1996a; Haider et al., 2013; 
Hussain et al., 2013; Kazmi et al., 2001; Khan et al., 2006a; Khan et al., 2006b; Khattak et 
al., 2012; Malik et al., 2013a; Prybylski et al., 1999; Sahar et al., 2012; Scuracchio et al., 
2011; Shahzadi et al., 2014; Soomro et al., 2010; Yasinzai et al., 2008a; Yasinzai et al., 2013; 
Zakeri et al., 2010). Secondly as mentioned earlier the changing climatic conditions also 
affect the disease and its vector distribution pattern. Hence in this scenario the present study 
was planned to investigate about the current status of falciparum malaria; its distribution, 
diagnosis, vector epidemiology and insecticide resistance status of its vector in districts Kasur 
and Shiekhupura.  
 
5.1. Relative abundance of Anopheline species 
For effective control of a disease sound knowledge about its vector epidemiology is 
one of the key components. Based on this statement this survey was conducted to investigate 
about the relative abundance of Anopheline species in districts Kasur and Shiekhupura. The 
results of present study showed that total 11656 mosquitoes captured during the whole year 
were mainly belonging to three genera i.e. Aedes, Anopheles and Culex with the highest 
abundance of mosquitoes belonging to genus Culex (54%) followed by Anopheles (42%) and 
Aedes (4%) respectively. The p<0.05 shows significant difference between the relative 
abundance of these 3 genera (Table 4.1). This difference is mainly seen due to variations in 
the behavior, habitat and breeding places of mosquitoes belonging to different genera. Both 
biotic and abiotic components also affect immature stages of mosquitoes of these genera 
which influence on subsequent adult traits, its fitness and survival (Clements, 1992; Kessler 
et al., 2008; Kweka et al., 2012; Schneider et al., 2000).   
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Out of total mosquitoes captured 4973(42%) were belonging to genus Anopheles the 
only genus responsible for transmitting all five species of Plasmodium in human beings. In 
1971 the first checklist of mosquitoes of Pakistan enlisted about 38 Anopheline species in the 
country which reduced to 22 after partition of East Pakistan. Later in 2002 the updated key of 
Anopheline species in Pakistan reported about 24 Anopheline species. But in present survey 
we found only six species as a whole from both districts. These include An. annularis, An. 
culicifacies, An. nigerrimus, An. pulcherrimus, An. stephensi and An. subpictus (Table 4.3). 
All these species belong to already known Anopheline species of Pakistan.  These 6 species 
had been also reported in different districts of Punjab in 1980. All these 3 genera were also 
found during one survey for mosquitoes in Karachi, Pakistan (Amerasinghe et al., 2002; 
Aslamkhan, 1971; Rathor et al., 1980; Sinka et al., 2012).  
In one study conducted at Peshawar, Pakistan total 15083 mosquitoes were captured 
belonging to only 2 genera i.e. Anopheles and Culex. They identified 6 Anopheline species 
from which 4 were also found in present study i.e. An. culicifacies, An. nigerrimus, An. 
stephensi and An. subpictus while An. annularis and An. pulcherrimus were not found in 
them. Whereas An. fluviatilis and An. maculatus found by them was not identified in areas of 
this study (Ali et al., 2009). Similarly in district Muzaffargarh Southern Punjab, Pakistan five 
Anopheline species were captured during one study. Among which 3 species i.e. An. 
culicifacies, An. stephensi and An. subpictus were also captured by us. While 2 species i.e. 
An. fluviatilis and An. superpictus were not found in districts Kasur and Shiekhupura (Rana et 
al., 2014). One another study occurred in South Punjab also reported the prevalence of An. 
culicifacies, An. pulcherrimus, An. stephensi and An. subpictus in the area (Herrel et al., 
2001). 
In Swat, Pakistan 5 genera of mosquitoes i.e. Aedes, Anopheles, Armigeres, Culex 
and Culiseta comprising of 21 different mosquito species were found. In addition to An. 
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annularis, An. culicifacies and An. stephensi found by us, they also reported An. 
bitaeniorhynchus, An. dthali, An. fluviatilis, An. lindesayi, An. maculatus, An. pallidus, An. 
pseudovishuni, An. quinquefasciatus and An. splendidus. A noticeable difference can be seen 
in the species composition studied in Swat and in Kasur and Shiekhupura. This might be 
because of various reasons;  
i)         Difference of sampling techniques being adapted in these two studies. We only 
captured mosquitoes through hand catch technique. While they in addition to 
this technique also used total catch and various bait traps to capture mosquitoes. 
ii) Secondly we only focused on the collection of adult mosquitoes, whereas they 
also collected various immature stages of mosquitoes as well.  
iii)  There is a major difference in the geography and climatic conditions of the areas 
studied. The Swat belongs to Province Khyber Pakhtunkhwa (previously 
NWFP) is mountain rich area with cool and refreshing climatic conditions in the 
upper parts of the area. Whereas Kasur and Shiekhupura belong to hottest parts 
of Province Punjab. The average rainfall in Swat is also much more higher than 
in these 2 districts (Ali et al., 2013; Ilahi et al., 2013).    
Among these captured Anopheline species only An. culicifacies and An. stephensi are 
reported as major malaria vectors in the country. An. culicifacies is mainly known as primary 
malaria vector especially in rural areas while An. stephensi as secondary malaria vector 
mainly in urban areas and secondary in rural areas of the country (Ali et al., 2007; Husain et 
al., 1956; Jahan et al.; Mahmood et al., 1984; Reisen et al., 1982a). An. culicifacies is now 
referred as species complex comprising of 5 isomorphic species (A, B, C, D and E). These 
isomorphic species are not identified on morphological basis that’s why we also only 
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identified it as single species i.e.  An. culicifacies (Barik et al., 2009; Marianne, 2013; Sinka 
et al., 2011).  
Findings of the present study vary from the above mentioned facts. Relatively higher 
abundance of An. stephensi (63%) followed by An. subpictus (5.4%) was found even from 
rural areas of Kasur and Shiekhupura and only (5.4%) mosquitoes were identified as An. 
culicifacies out of total Anopheline species (Fig 4.3). These results are in accordance with the 
findings of study related to malaria vectors of the Southern Punjab. They also reported a 
major shift in the malaria vector species composition over the last 3 decades. They also found 
relative increase in the abundance of An. stephensi to An. culicifacies, which was highly 
prevalent in 1980’s (Klinkenberg et al., 2004b; Reisen et al., 1982b). Our findings are also 
being supported by the results of one another study conducted in NWFP Province regarding 
incidence of falciparum malaria. They reported peak transmission of falciparum malaria in 
the month of October when An. culicifacies was completely disappeared while An. stephensi 
was still prevailing (Rowland et al., 2002). Similar change in the relative abundance of these 
two malaria vectors were also observed in different studies (Ali et al., 2013; Herrel et al., 
2004; Ilahi et al., 2013). The low density of An. culicifacies and high density of An. stephensi 
is the plausible explanation that An. stephensi may impart important role in the transmission 
of falciparum malaria in these areas.  
An. subpictus was the second highly abundant species (26%) found in present study in 
both districts (Fig 4.4). An increase in the surge of An. subpictus was seen in the late 
monsoon and early post monsoon season which was opposite to the surge of An. stephensi 
which showed decline in these seasons. Whereas the transmission pattern of falciparum 
malaria in Kasur and Shiekhupura shows increase in incidence of cases in late monsoon and 
early post monsoon periods. These results may propose about the possible role of An. 
subpictus in the transmission of falciparum malaria. This mosquito is already well defined as 
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malaria vector in different countries including neighboring countries of Pakistan (Chandra et 
al., 2010; Elango et al., 2011; Kumari et al., 2009; Sinka et al., 2011). The vectorial capacity 
of An. subpictus for P. falciparum is not well defined in the country. In some studies it is 
suspected as malaria vector in different regions of the country (Mahmood et al., 1984; Rana 
et al., 2014). Hence in this scenario further studies should be planned to exactly know about 
the role of An. subpictus in malaria transmission in Pakistan.  
The result of present study reflects the influence of seasonal fluctuations on the 
population dynamics of different Anopheline species (Fig 4.5). This variation also affected 
the transmission pattern of falciparum malaria in Kasur and Shiekhupura. Meteorological 
data reveals that variations in temperature, mean evaporation and average rainfall in different 
months are mainly responsible for this change (Fig 4.36). Reciprocal effect of high 
temperature and low rainfall was seen on the seasonal abundance of Anopheline species in 
our study. The highest prevalence of Anopheline species was seen in the month of July 
followed by September (Table 4.5). These results are in accordance with the results of one 
study conducted in district Bahawalnagar, Punjab based on ecology of adult Anopheline 
species. they found An. stephensi and An. subpictus as most prevalent species with highest 
prevalence of mosquitoes in the months of monsoon season (Herrel et al., 2004). This shows 
that monsoon and early post monsoon seasons provide favorable environment for the 
breeding of these mosquitoes. And due to this reason high incidence of falciparum malaria 
was seen in the months of July to October i.e. in monsoon and post monsoon periods (Figs 
4.7, 4.8 and 4.36). In support to present study, almost similar results were also observed in 
one another study. They also reported high abundance of Anopheline species in the month of 
July with highest abundance of An. stephensi (84.3%) as compared to An. culicifacies with 
2% abundance only (Mukhtar et al., 2003).  
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So it has been observed that the population dynamics of Anopheline mosquitoes 
varies with the change in geographic boundaries, demographic and climatic conditions. It is 
also dependent on predation, inter-specific interactions and nutrient dependencies of 
mosquitoes (Herrel et al., 2004; Kessler et al., 2008; Reiskind et al., 2004; van de Wolfshaar 
et al., 2006).  
 
5.2. Insecticide resistance status of An. stephensi. 
 Pakistan has a long history of insecticide resistance. Continuous and irrational use of 
chemical insecticides in the field may lead to development of insecticide resistance. The 
updated knowledge regarding resistance status of mosquitoes against these insecticides plays 
an important role in planning mosquito control strategies (Bisset et al., 2013; Jahan et al., 
2013; Marcombe et al., 2012). In present study the insecticide resistance status of field caught 
An. stephensi from Kasur and Shiekhupura was evaluated by using WHO susceptibility test 
method. Our findings show high resistance against bendiocarb, DDT and deltamethrin and 
reduced susceptibility against permethrin in these mosquitoes by using WHO susceptibility 
criteria. One of the major causes of insecticide resistance in these mosquitoes is that currently 
used insecticides for malaria vector control are actually use of same molecules year after year 
and re-formulations of previously used insecticides in agriculture. Pakistan is having history 
of using these agrochemicals which impart important role in developing intense selection 
pressure for insecticide resistance. Districts Kasur and Shiekhupura are rich in agriculture 
providing land for rice growing fields. This favors mosquitoes to have ample breeding places 
and huge exposure with pesticides used in these fields. Hence it may be one of the important 
factors to pass on insecticide resistance in mosquitoes prevailing in these areas (Chouaibou et 
al., 2008; Diabate et al., 2002; Gnankine et al., 2013; Khan et al., 2011; Maharaj, 2011; Nkya 
et al., 2014; Verhaeghen et al., 2010). Increase in insecticide resistance during the past 
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decade has been seen in population of An. funestus either due to vector control initiatives or 
use of insecticides in agriculture has been also reported (Coetzee et al., 2013). 
Pakistan has gone through various insecticide regimes being a part of national malaria 
control strategies. In early 1960’s DDT was the most frequently used insecticide for malaria 
control in the country, after emergence of DDT resistance in various Anopheline species it 
was replaced with BHC in 1970s followed by use of malathion in 1980,s for IRS to control 
malaria vectors. Later on in about mid of 1990’s pyrethroids replaced malathion for IRS due 
to report of malathion resistance. Now a day’s pyrethroids are cornerstone for ITNs and IRS 
in the country. These are also currently used in many regions of the world. They are also 
widely used in the control of agriculture pests worldwide (Jahan et al., 2013; Nardini et al., 
2013; Ranson et al., 2011a).  
In Anopheline mosquitoes several mechanisms are involved in producing resistance. 
Alterations in the enzymatic activity of the mosquitoes lead to detoxification of insecticide, 
sequestration of insecticide and alterations in the target site of insecticide are commonly seen 
mechanisms involved in producing insecticide resistance in mosquitoes. These mechanisms 
alone or in combination are involved in producing insecticide resistance alone or cross 
resistance in different Anopheline species (Hemingway et al., 2004; Hemingway et al., 2000; 
Kelly-Hope et al., 2005; Marcombe et al., 2009; Nwane et al., 2013; Singh et al., 2010; 
Surendran et al., 2012). We also investigated enzymatic mechanisms involved in conferring 
resistance against different insecticides in these local field strains of An. stephensi. 
 WHO has recommended DDT for IRS purpose only (Berg, 2009). It is being used to 
control malaria vectors in different regions of the world since 1947. After its extensive use 
DDT resistance was first reported in 1960’s followed by its resistance complaint in different 
Anopheline species from several countries of the world including Pakistan (Davidson et al., 
1961; Hemingway et al., 2000; WHO, 1992). In present study we also detected strong DDT 
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resistance in field caught strains of An. stephensi from both districts. In district Kasur 14% 
and 20% resistance was detected during the months of April and October, 2010 respectively 
(Tables 4.7 and 4.8). While from district Shiekhupura 17.7% and 16% resistance was 
observed during the months of April and October, 2010 respectively (Tables 4.9 and 4.10).  
Scarce data is available on the DDT resistance status of Anopheline species in 
Pakistan especially regarding Kasur and Shiekhupura. One older study also reported DDT 
resistance in four Anopheline species including An. stephensi from nine different localities of 
Punjab Province (Rathor et al., 1980). Our results also resemble with the results of one 
another study in which they also reported DDT resistance in An. stephensi. However this 
study was conducted in the flood affected areas of Southern Punjab, Pakistan (Rathor et al., 
2013). Similar to our results strong DDT resistance was also detected in An. stephensi from 
various localities of district Faisalabad, Province Punjab (Rathor et al., 1983). DDT resistance 
was also found in An. subpictus collected from various localities of district Lahore, Punjab 
(Maldonado-Capriles et al., 1960). These studies are presenting either too older resistance 
status or not concerned with the districts focused in prsent study. Secondly they only detected 
resistance through WHO kit test method and not performed biochemical assays to detect the 
role of enzymatic changes in conferring DDT resistance in these mosquitoes.  
In Pakistan DDT is no longer use for IRS after indication of its resistance in various 
Anopheline species in the country. Still we planned to detect its susceptibility status in the 
present study due to following reasons; 
i) As mentioned above no published data is available on the current resistance status of 
An. stephensi local strains from Kasur and Shiekhupura, Punjab Pakistan. Already 
published data is very rare, older and not giving knowledge regarding the enzymatic 
mechanisms involved in DDT resistance. 
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ii) Secondly literature reports reversal in the susceptibility status of mosquitoes against 
DDT after it’s no longer use for IRS (Munhenga et al., 2008; Perera et al., 2008; 
Raghavendra et al., 2010).  
iii)  Thirdly literature also reports cross-resistance between DDT and pyrethroids (Corbel 
et al., 2007; Hemingway et al., 2000; Martinez-Torres et al., 1998; Perera et al., 
2008) 
iv) This insecticide could be of great interest due to its recent endorsement by WHO for 
IRS use (Anonymous, 2006; Anto et al., 2009).  
DDT dehydrochlorinase enzyme is involved in dehydrochlorination of DDT to DDE 
which is actually GST based enzyme. DDT resistance is associated with elevated levels of 
GST. It also shares the knockdown resistance mechanism with pyrethroids as both targets 
the voltage gated sodium channels (Balkew et al., 2010; Enayati et al., 2005; Hemingway et 
al., 2004; Karunaratne, 1998; Koffi et al., 2013; Penilla et al., 1998). In prsent study we 
also find elevated levels of GST activity in field caught An. stephensi from both districts i.e. 
(0.491 and 0.458 mM/min/mg/protein) in Kasur and Shiekhupura strains as compared to 
susceptible strain (Table 4.13). These results are in accordance with the results of WHO kit 
test which also depicted phenotypic resistance against DDT in these mosquito strains. This 
gives an idea that elevated GST levels are mainly involved in conferring DDT resistance in 
these local strains of An. stephensi. 
Like our findings DDT resistance in different Anopheline species due to elevated 
levels of GST was also observed in various regions of the world. DDT resistance associated 
with elevated GST was detected in the population of An. funestus from Ghana in 2005 
(Okoye et al., 2008). Same mechanism was also detected as a major cause of DDT resistance 
in An. subpictus (Hemingway et al., 1991). In Srilanka DDT resistance were also found in 
different Anopheline species of the country. They also reported elevated GST levels as the 
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cause of DDT resistance in these mosquitoes (Perera et al., 2008). High level of DDT 
resistance in An. arabiensis was also reported from Ethiopia (Balkew et al., 2010).  
In Southern Benin DDT resistance in An. gambiae was observed possibly due to its 
extensive use in the area (Yadouleton et al., 2010). DDT resistance in An. gambiae was found 
due to its massive use in the agriculture field (Nazaire Aïzoun et al., 2014). In same 
Anopheline species DDT resistance was also observed in various countries possibly due to 
under regulated use of pesticides in the agriculture areas (Ranson et al., 2009). As mentioned 
earlier this report also supports findings of the present study that being agriculture area 
extensive use of pesticides may be one of the major factors in conferring DDT resistance in 
An. stephensi local strains.  
In one study An. stephensi was found fully susceptible to DDT in Mangalore city 
South India. But the possible reason behind was no use of DDT in that area. DDT resistance 
(68.4%) due to elevated GST levels in An. arabiensis was found in February 2006 followed 
by complete susceptibility to DDT (96%) of same population in January 2006 (Munhenga et 
al., 2008). Similarly change in the resistance status of An. maculipennis in different years was 
observed in Turkey (Akiner et al., 2013). These shifts emphasized that an active 
entomological surveillance system should be a part of malaria control programs (Himeidan et 
al., 2007; Moreno et al., 2008).  
The use of pyrethroid insecticides for malaria vector control has been increased 
(Ranson et al., 2011a) Few studies are available regarding the pyrethroids susceptibility status 
of Anopheline species in Pakistan. Whereas its resistance could be a serious threat to malaria 
control program in future (Hodjati et al., 2003).  Hence the present study extends the work to 
further investigate pyrethroids resistance in local strains of An. stephensi along with 
enzymatic mechanisms involved in it. Deltamethrin and permethrin susceptibility was 
evaluated. Strong resistance against deltamethrin in the field caught strains of An. stephensi 
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from both districts was seen. In district Kasur 36.4% and 40% resistance was detected during 
the months of April and October, 2010 respectively. While from district Shiekhupura 40.3% 
and 44.6%% resistance was observed during the months of April and October, 2010 
respectively. However reduced susceptibility to permethrin was also seen in these strains i.e. 
79.2% and 81% from Kasur and 82% and 75.7% from Shiekhupura during April and 
October, 2010 respectively. Hence further investigations regarding the permethrin 
susceptibility status should be conducted to have an accurate idea in this regard. Our findings 
are also according to the findings of one another study conducted in Southern Punjab (Rathor 
et al., 2013). The KDT50 and KDT95 values for these two insecticides also support our results 
i.e. more time is required for knockdown effect by deltamethrin (73.2-331.34 min) than by 
permethrin (40.5-141.4 min) in these mosquitoes (Tables 4.7, 4.8, 4.9 and 4.10). The high 
resistance to DDT and reduced susceptibility against pyrethroids in An. stephensi was also 
detected from southeastern part of Iran, bordering Afghanistan and Pakistan (Djadid et al., 
2007). 
Target site based Kdr mutations in the voltage gated sodium channels and metabolic 
detoxification of pyrethroids due to detoxification enzymes activities are major mechanisms 
involved in conferring pyrethroids resistance to various Anopheline species (Abdalla et al., 
2014; Chouaïbou et al., 2008; Etang et al., 2006; Lynd et al., 2005). The enzyme activities 
mainly responsible for pyrethroid resistance are elevated MFOs & NSEs. Broad spectrum 
insecticide resistance through rapid binding and slow turnover of insecticide could be a 
possible esterase based mechanism (Awolola et al., 2009; Chareonviriyaphap et al., 2003; 
Corbel et al., 2007; Gong et al., 2013; Hemingway et al., 2004; Matowo et al., 2010; 
Munhenga et al., 2008; Penilla et al., 1998). To correlate phenotypic pyrethroid resistance 
with the enzymatic mechanisms involved we also performed esterase and monooxygenase 
assays on these field caught strains. The results of α and β esterase assays showed elevated 
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levels of NSEs in both field strains (Figs 4.26 & 4.27). In similar fashion the results of 
monooxygenase assay also detected high activity of MFOs in these field strains as compared 
to susceptible strain (Fig 4.31). These high levels of enzymes may be involved in 
detoxification of pyrethroids hence conferring high resistance against deltamethrin and 
reduced susceptibility of permethrin in local strains of An. stephensi. 
Many other studies had also explained the involvement of these enzymes in 
pyrethroid resistance in various Anopheline species. In An. sinensis high activity of 
monooxygenase and GST was reported from China (Chouaïbou et al., 2008). In Benin West 
Africa elevated monooxygenase levels were found in pyrethroid resistance while high levels 
of GST activity was correlated with DDT resistance in An. gambiae. This indicates 
involvement of detoxifying enzymes in conferring phenotypic resistance to both DDT and 
pyrethroids  (Nazaire Aïzoun et al., 2014). In one another study similar findings like our 
study were observed. They also reported bendiocarb, DDT and pyrethroid resistance 
(deltamethrin and permethrin) in An. sinensis. They further investigated that Kdr mutation 
based mechanisms are not involved in resistance against DDT and pyrethroids (Chang et al., 
2014). (Akiner et al., 2013) reported that these biochemical changes are involved in causing 
resistance against pyrethroids. MFOs along with Kdr mutations are involved in causing 
pyrethroid resistance in An. gambiae (Aizoun et al., 2013c). In accordance to present findings 
increased levels of MFOs has been reported in causing pyrethroid resistance in An. arabiensis 
from various localities of South Africa (J.C. Mouatcho et al., 2009). 
Like DDT extensive pesticide use in agriculture could also be one of the possible 
causes of selection pressure against pyrethroid resistance in these local strains. In An. 
gambiae strong association between resistance against deltamethrin and agriculture intensity 
was detected (Nkya et al., 2014). The prolonged and extensive use of insecticide for pest 
control in agriculture fields was strongly correlated with the multiple insecticide resistance in 
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An. sinensis in China (Chang et al., 2014).  Pyrethroids based vector control programs are 
under threat due to high levels of resistance encountered in Jinja (Mawejje et al., 2013). The 
developmental stages of mosquito may also affect the susceptibility status of An. stephensi 
against pyrethroids (Kumar et al., 2004). We only focused the resistance status of adult 
mosquitoes hence this aspect of the study should also be further investigated. In one study 
conducted at Sri lanka, it was concluded that variations in the susceptibility level of different 
sibling species of An. subpictus can affect the overall resistance status of this species 
(Surendran et al., 2012). This aspect could also be present in other Anopheline species of the 
country.  
Cross resistance between DDT and pyrethroids is well documented and strongly 
associated with Kdr mutations as both insecticides share the same mechanism by targeting 
voltage gated sodium channels (Kwiatkowska et al., 2013; Ranson et al., 2000; Santolamazza 
et al., 2008; Soderlund, 2008; Stump et al., 2004). In present study we didn’t find cross 
resistance between these insecticides. Our results show strong DDT (14%-20%) and 
deltamethrin resistance (36.4%-44.6%) in field strains of An. stephensi but corrected 
mortality due to permethrin (75.7%-82%) showed reduced susceptibility therefore should be 
further investigated. This difference in the resistance status of DDT and permethrin indicates 
that possibly Kdr mutation mechanism is may be not involved in our case. Secondly the KD50 
and KD95 values for DDT were higher than deltamethrin and permethrin (Tables 4.7, 4.8, 4.9 
and 4.10). This also supports our results that phenotypic DDT resistance shown by the local 
strains of An. stephensi is most likely due to elevated GST levels. In similar fashion the high 
activities of MFOs and NSEs in these field strains may be involved in detoxification of 
pyrethroids hence conferring high resistance against these insecticides. Thirdly to detect the 
Kdr mutation mechanism was beyond the scope of this study.   
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DDT susceptibility and permethrin resistance was also reported in An. arabiensis 
from Lower Moshi, north-eastern Tanzania indicating no involvement of Kdr mutation based 
mechanism in these mosquitoes (Matowo et al., 2010). An. arabensis population tested from 
Cameroon was fully susceptible to DDT and permethrin while showed reduced susceptibility 
to deltamethrin (Nwane et al., 2013). In one study conducted at Ghana the fully susceptible 
pyrethroid and DDT resistant population of An. gambiae was found (Kristan et al., 2003). An. 
arabiensis strain resistant to pyrethroid was found susceptible to DDT (Nardini et al., 2013). 
The findings of one another study regarding An. gambiae from Cameroon also provides base 
for present results (Etang et al., 2007).  
Bendiocarb could be a suitable alternative to pyrethroids in case of insecticide 
resistance in An. stephensi local strains as it was not previously used in these areas for IRS 
purpose in the country (Essandoh et al., 2013). Based on this hypothesis the susceptibility 
status of field strains of An. stephensi against bendiocarb was also evaluated in the present 
study. But the results revealed astonishing findings i.e. we found bendiocarb resistance in 
both areas by using WHO evaluating criteria. From Kasur 70.5% and 64.2% mortality while 
64.9% and 68.0% mortality was seen from Shiekhupura in the months of April and October 
respectively. It is therefore likely that the use of bendiocarb as an alternative to pyrethroids is 
jeopardized in local scenario. No pervious data is available on the bendiocarb susceptibility 
status of Anopheline species in Pakistan. The possible causes of the selection against 
bendiocarb resistance in these local strains are 
i) Use of agro-chemicals in these or neighboring areas  
ii) The extensive use of carbamates (propoxur) other than bendiocarb may also 
involve in the selection of An. stephensi field strains against bendiocarb 
resistance.  
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iii)  Involvement of multiple insecticide resistance mechanisms especially elevated 
detoxification enzymes could also impart bendiocarb resistance in these 
mosquitoes (Hemingway, 2000; Okoye et al., 2008; Penilla et al., 1998) 
iv) Seasonal and geographical variations may also affect the resistance status 
against bendiocarb (Protopopoff et al., 2013).  
Hence a comprehensive surveillance plan should be executed around the country 
including these areas to have an exact status of insecticides including bendiocarb resistance in 
malaria vectors of Pakistan. So far studies conducted in different regions of the world had 
defined mixed susceptibility status of bendiocarb in various Anopheline species. High 
resistance to reduced susceptibility status and full susceptible strains of various malaria 
vectors had been found across the world (Aizoun et al., 2013a; Koffi et al., 2013; 
Namountougou et al., 2012; Nkya et al., 2014). Side by side the economical issues related to 
insecticide and its residual life would have to be taken into consideration before its use for 
IRS (Abdalla et al., 2008). The altered acetylcholinestrase and elevated esterases are 
numerously reported mechanisms to be involved in resistance against carbamates in various 
Anopheline species (Aizoun et al., 2013b; Hemingway et al., 2004; Karunaratne et al., 2000; 
Penilla et al., 1998). The current findings are also in accordance to these findings. We found 
an increase in the percentage propoxur inhibition activity from both districts i.e. 72% and 
68.3% from Kasur and Shiekhupura respectively as compared to susceptible strain (Table 
4.11). Similarly as mentioned earlier we also found elevated activities of α and β esterases in 
these local strains (Figs 4.28 & 4.29). The KDT50 and KDT95 values for bendiocarb and 
phenotypic resistance shown by local strains of An. stephensi may be indicating the presence 
of these altered enzymatic mechanisms in conferring bendiocarb resistance.      
Several factors like insecticide/ pesticide history, age of mosquitoes at the time of 
exposure, diet differences and seasonal variations could drive evolution of insecticide 
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resistance in Anopheline species. For sustainable vector control programs sound knowledge 
regarding these factors is essential (Abdalla et al., 2014; Kulma et al., 2013). The previous 
use of pesticides in these areas and its role in insecticide resistance is already discussed. The 
effect of age and diet variation on insecticide resistance was not studied in this case as almost 
all mosquitoes tested were of same age taken from F1 generation of An. stephensi. Effect of 
seasonal variations was evaluated. We conducted WHO bioassays in two different seasons of 
the year i.e. April and October. But the results for both months from each district show no 
significant variation in the resistance status of An. stephensi i.e. P = 0.5864 and P = 0.5157 
(P>0.05) for district Kasur and Shiekhupura respectively. These findings differs from the 
findings of one another study in which strong link was detected in insecticide resistance 
status of An. arabiensis with strong seasonal variations (Abdalla et al., 2014). Insecticide 
resistance in Anopheline species also affects the vector competency towards P. falciparum 
and probably resistant mosquitoes increase the sporozoite transmission rate of parasite (Alout 
et al., 2013). This aspect of research was beyond the scope of present study but it should be 
further investigated.     
Based on these considerations it is most likely that increased insecticide resistance in 
the field strains of An. stephensi is mainly regulated by metabolic sequestration or 
detoxification. Irrational use of agro-chemicals and insecticides for IRS, lack of knowledge 
regarding proper vector epidemiology, scarce knowledge about molecular basis involved in 
insecticide resistance and absence of active entomological surveillance system for regular 
monitoring of temporal and special distribution of insecticide resistance in malaria vectors 
across the country are mainstays for planning a sustainable national malaria control program.   
 
5.3. Prevalence of falciparum malaria. 
 
 Falciparum malaria is one of the most important infectious diseases responsible for 
morbidity and mortality in human beings worldwide. In Pakistan, it has been on the rise over 
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the past few decades (Collins et al., 2000; Ghanchi et al., 2010; Kakar et al., 2010; Khattak et 
al., 2013a; Siva, 2010). The seasonal variations especially monsoon rains, irrigation network, 
extensive agriculture practices, anti-malarial drug resistance, insufficient knowledge 
regarding the genetic diversity of locally prevailing Plasmodium species, inadequate 
diagnostic procedures, practices of self develop protocols by medical practitioners other than 
standard regimes, scarce data on vector biology and epidemiology and lack of sustainable 
malaria control program are keystones for this drastic shift in the country (Bouma et al., 
1996b; Hanscheid, 1999; Khatoon et al., 2010; Khattak et al., 2013a; Malik et al., 2013b; 
Robinson et al., 1984; Rowland et al., 1997a; Shah et al., 1997). 
In consideration to these facts the present study was planned to investigate the burden 
of falciparum malaria in districts Kasur and Shiekhupura respectively. For this purpose the 
prevalence of P. falciparum in the malaria suspected patients were estimated. The results 
showed 21.1% prevalence of overall malaria cases in whole year from both districts. Out of 
these 10.1% and 89.9% were found positive for falciparum and vivax malaria respectively. 
No case of mixed infection was detected in present study. Like present study mixed 
infections were also not detected among the students of religious schools of Bannu district, 
Khyber Pakhtunkhwa (Awan et al., 2012b). Only 6.5 % and 15.8% samples were found 
positive for P. falciparum from districts Kasur and Shiekhupura. Vivax malaria remained 
most prevalent form in both districts. The P value (P<0.05) indicates a significant difference 
among positive and negative malaria cases (Table 4.15).  
Studies from various provinces of Pakistan including Punjab have reported malaria 
prevalence with flexible disease burden. The diversity in prevalence and variations in the 
distribution pattern of Plasmodium species across the country are the mainstay in having an 
accurate idea regarding actual malaria prevalence. Scarce data is available to have an exact 
status of malaria in the country (Awan et al., 2012a; Khan et al., 2006b; Khattak et al., 
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2013b). In 1980’s the Punjab was considered as the most malarious province of Pakistan (de 
Zulueta et al., 1980; Klinkenberg et al., 2004a). But currently it is known to have lower rates 
of malaria prevalence as compared to other provinces of Pakistan (Khattak et al., 2013b; 
Yasinzai et al., 2004; Yasinzai et al., 2008c). Following factors could be possibly accounted 
for this change; (i) climatic changes resulting in salinization and water logging may have 
reduced suitable habitat for the primary malaria vector i.e. An. culicifacies and increased 
breeding places for salt tolerant An. stephensi (secondary malaria vector) in Punjab and (ii) 
the socio-economical conditions and health diagnostic facilities in Punjab are comparatively 
better than other provinces (Herrel et al., 2001; Herrel et al., 2004; Kakar et al., 2010). One 
study regarding relationship between malaria and rice fields of district Bannu, Khyber 
Pakhtunkhwa reported high incidence of vivax malaria (6.25%) as compared to falciparum 
malaria (0.75%). The findings of this study are in accordance with the findings of present 
study. Hence being rice growing areas Kasur and Shiekhupura may also harbor low 
prevalence of falciparum malaria (Awan et al., 2008).  
Among total positive cases the overall prevalence of malaria was higher in males 
(58.31 %) than females (41.68 %). This could be because males are predominant in our 
society. Being more social and working population they are having more easy access to 
health care facilities. Some other studies also reported the similar findings (Khan et al., 
2006b). Among pregnant females higher malaria prevalence may leads to abortion, premature 
births and even maternal mortality. The malaria burden in pregnant women in Kasur and 
Shiekhupura was not estimated in present study which should be further investigated (Bhatti 
et al., 2007; Singh et al., 1999). 
5.3.1. Rapid Diagnostic Test for falciparum malaria 
 Early, accurate and parasite detection based diagnosis for proper treatment is one of 
the major aspects of malaria control strategy (Endeshaw et al., 2012; WHO, 2010a). 
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Microscopy based diagnosis is the most accepted and routine laboratory practice for malaria 
diagnosis. However in resource-poor settings lack of trained and expert laboratory staff 
quality equipment is not available. In this scenario RDT provide a practical alternative to 
microscopy (Batwala et al., 2010; Hawkes et al., 2014; Moody, 2002).  
 Hence the present study evaluated the efficacy of one WHO approved 
commercially available RDT i.e. “First response malaria antigen pLDH/ HRP2 combo”. It 
could be a good alternative to light microscopy under local field conditions (WHO, 2008b). 
Out of 76 microscopically positive, this RDT showed 71 malaria positive cases. Therefore 
only 4 cases were missed which were identified by microscopy. Out of 98 blood samples 
tested positive by RDT only 13 were positive for P. falciparum. Among which 9 were 
positive for P. falciparum by both RDT and microscopy. While 4 were positive by RDT but 
negative by microscopy (Table 4.19). However no mixed infection was also detected by this 
RDT like the results of microscopy. Some commercially available RDTs had been evaluated 
in the country other than this RDT (Afzal et al., 2011; Harani et al., 2006).  
The sensitivity of present RDT for diagnosis of overall malaria was higher (93.42%) 
than for falciparum malaria (81.82%). Its specificity for the diagnosis of falciparum malaria 
was higher (98.93%) than for all malaria diagnosis (91.29%). The PPV value for diagnosis of 
overall malaria was higher (72.45%) than for falciparum malaria (69.23%). The NPV for 
both all malaria (98.26%) and falciparum malaria diagnosis (99.46%) was high (Table 4. 20). 
These results indicate that this RDT could be use in field conditions. However its cost 
effectiveness, temperature dependency and low specificity for falciparum malaria are to be 
further investigated. Hence the microscopy should be preferred still as gold standard for 
diagnosis of P. falciparum. 
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CHAPTER 6 
SUMMARY 
  The present study was designed to investigate the various aspects of falciparum 
malaria by encompassing knowledge regarding its vector biology, ecology, epidemiology and 
insecticide susceptibility status in connection to its prevalence in human population. It also 
provided the base for evaluating rapid diagnostic test’s efficacy to be used in field where 
laboratory facilities are not available for malaria diagnosis. The results indicate that malaria 
control efforts should be focused with an emphasis on sustainable vector control program at 
national level and improving diagnostic facilities for the disease. This could be achieved by 
planning integrated vector control strategies and availability of species based diagnosis 
accurately in local field scenarios of the country.   
 The entomological survey provided the baseline data regarding the distribution pattern 
of Anopheline species in Kasur and Shiekhupura. Among 24 Anopheline species reported in 
Pakistan, six were identified including two important malaria vectors i.e. An. stephensi and 
An. culicifacies in these areas. However immoderate shift has been seen in their relative 
abundance. The An. stephensi was found the most abundant species from both rural and urban 
areas whereas An. culicifacies was having comparatively less share in malaria vector species 
composition even from rural areas. The climatic changes resulting in water logging and 
salinization are the possible reasons for this change. The seasonal fluctuations also influenced 
the population dynamics of Anopheline species. The highest abundance was seen in the 
month of July followed by September with the lowest in December. Variations in the rain fall 
and temperature influenced the overall relative abundance of Anopheline species.  
 The insecticide susceptibility status of local strains of An. stephensi was evaluated by 
using WHO insecticide impregnated papers. High levels of insecticide resistance against 
bendiocarb, DDT and deltamethrin with reduced susceptibility against permethrin were 
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detected in these areas. An aberrant and pervasive use of pesticides, agrochemicals and 
reformulations of various insecticides may engender the insecticide resistance in these local 
strains. The biochemical assays revealed that elevated levels of metabolic enzymes activities 
confer insecticide resistance in these local strains. The altered levels of various enzymes are 
correlated with the phenotypic resistance against all insecticides tested. It was conceded that 
multiple resistance mechanisms are involved in selection pressure against insecticide 
resistance in field strains of An. stephensi. This resistance in malaria vector is problematic for 
vector control efforts due to its impact on vector competence towards P. falciparum.  
 The P. falciparum sporozoite infection rate of An. stephensi was also determined in 
present study by using PCR. The sporozoite infection rate of 6% and 10% was found in An. 
stephensi from districts Kasur and Shiekhupura respectively. The comparatively high 
abundance of An. stephensi in these areas along with detection of P. falciparum sporozoites 
and detection of insecticide resistance in the local strains of An. stephensi is of great concern 
in understanding the transmission dynamics of falciparum malaria in this area-specific 
epidemiological study.  
 The second aspect of the study was related to the diagnosis and detection of disease 
burden due to falciparum malaria in the human population from these districts. As compared 
to the past the current malaria burden in various areas of Punjab including Kasur and 
Shiekhupura has been reduced. The results showed 21.1% prevalence of malaria cases in 
whole year out of which 10.1% and 89.9% were found positive for falciparum and vivax 
malaria respectively. While no case of mixed infection was seen in present study. The 
fluctuations in the climatic conditions i.e. rain fall levels during monsoon and early post 
monsoon seasons, temperature intensity during dry season along with variable plethora of 
Anopheline species are among the cornerstones for malaria burden in these areas. The prompt 
and accurate diagnosis of falciparum malaria is also being compromised due to non-
________________________________________________________________ SUMMARY  
 
108 
 
  
availability of expert lab technologists, microscopists and proper health facilities in these 
remote areas. In this scenario use of RDTs for early and proper diagnosis could be of great 
concern. The validity indicators for “First response malaria antigen pLDH/ HRP2 combo” as 
compared to microscopy showed that it could also be used in the field conditions for malaria 
diagnosis. However its cost effectiveness, temperature dependency and low specificity for 
falciparum malaria are to be further investigated. Hence the microscopy should be preferred 
still as gold standard for diagnosis of falciparum malaria. 
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ANNEXURE-I 
 
 
 
 
Meteorological data for District Kasur for the year 2009-2010  
 
Months 
Monthly 
Rain Fall 
(mm) 
Monthly Mean 
Temperature 
(°C) 
Monthly Mean 
Humidity 
(%) 
November 2 17.8 58 
December -1 13.7 58 
January -1 10.8 77 
February 11.7 16.7 62 
March 5.1 24.7 53 
April 1 31.3 33 
May 13 33.5 31 
June 13 33.7 38 
July 307.7 31.4 65 
August 125.3 30.4 76 
September 76.2 29.2 70 
October -1 27 60 
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ANNEXURE-II 
 
 
 
 
Meteorological data for District Shiekhupura for the year 2009-2010  
 
Months 
Monthly 
Rain Fall 
(mm) 
Monthly Mean 
Temperature 
(°C) 
Monthly Mean 
Humidity 
(%) 
November 1.1 19.6 63 
December -1 15.7 64 
January 0.3 12.6 79 
February 9.4 17.4 61 
March 5.4 25 54 
April 2.6 31.1 30 
May 7.2 33.3 30 
June 4.8 33.6 38 
July 288 31.2 67 
August 119.4 30.4 75 
September 88.4 28.8 72 
October 0.2 27 61 
 
